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A wafer manufacturing method and wafer polishing 
apparatus in which the edge rounding of the edge of a 
wafer is controlled and consequently the value of 
nanotopology especially required recently is 
improved, a wafer polishing apparatus, and a wafer 
are disclosed. At a step of mirror-polishing a wafer, 
the back of the wafer is polished to form a reference 
surface of the wafer. 



(57) Abstract: 

A wafer, polishing apparatus, and wafer manufacturing method are provided such that wafer edge 
rounding is controlled and the value of nano-morphology especially required in recent years is improved. 
During a step of mirror-polishing the wafer surface, wafer backside polishing is carried out to form a 
reference surface of the wafer. 



1 



WO 02/35593 A 1 



J-TECH Translations • 801 Country Place Dr., #109 • Houston, TX 77079 ■ Tel:281 -556-1 709 • Fax:281-556-5147 



Claims 

1 . A wafer manufacturing method; wherein wafer backside polishing is carried out to form a 
reference surface of the wafer during a step of mirror-polishing of the wafer surface. 

2. The wafer manufacturing method according to claim 1; wherein the mirror-polishing step 
utilizes a plurality of polishing steps; and the backside polishing is carried out after a preliminary 
polishing step of the plurality of polishing steps. 

3. The wafer manufacturing method according to claim 2; wherein the plurality of polishing steps 
is carried out in the following order: double-sided (simultaneous) polishing -» backside (one- 
sided) polishing surface (one-sided) secondary polishing surface (one-sided) finish 
polishing. 

4. The wafer manufacturing method according to claim 2; wherein the plurality of polishing steps 
is carried out in the following order: surface (one-sided) primary polishing by the reference 
surface polishing method -> backside (one-sided) polishing surface (one-sided) secondary 
polishing -> surface (one-sided) finish polishing. 

5. The wafer manufacturing method according to any one of claims 1 through 4; wherein during 
the backside polishing, material of a wafer holder is a hard substance, and polishing is carried out 
while the wafer is held by a highly flat surface of a wafer holding plate. 

6. The wafer manufacturing method according to any one of claims 3 through 5; wherein during 
the surface secondary polishing step, the wafer is held by a backing pad; and wafer polishing is 
carried out using a polishing cloth which has an Asker C hardness of 70 - 90. 

7. A polishing apparatus comprising: 

a first polishing part for primary polishing of the wafer surface by the reference surface 
polishing method, 

a first turn-over device for turning over (wafer front versus backside) the wafer which has 
undergone polishing by the first polishing part, 
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a second polishing part for suction-adhesion against a flat wafer holding plate of the 
surface having undergone polishing by the first polishing part and for polishing the wafer 
backside, ;■ 

a second turn-over device for turning over (wafer front versus backside) the wafer having 
undergone polishing by the second polishing part, and 

a third polishing part for secondary polishing of the wafer surface by the wax-free method, 

and 

a fourth polishing part for finish polishing of the wafer surface by the wax-free method. 

8. A polishing apparatus which has at least three polishing parts and comprises: 

a first polishing part for polishing the wafer surface without suction-adhesion of the wafer 
backside surface, 

a first turn-over device for turning over (wafer front versus backside) the wafer which has 
undergone polishing by the first polishing part, 

a second polishing part for suction-adhesion to the surface having undergone polishing by 
the first polishing part to hold the surface to a flat wafer holding plate and for polishing the 
backside surface while the wafer is forcefully held in a flat state, 

a second turn-over device for turning over (wafer front versus backside) the wafer which 
has undergone polishing by the second polishing part, and 

a third polishing part for polishing the surface of the wafer without suction-adhesion of the 
backside surface of the wafer. 

9. A wafer having at least one side mirror-polished, wherein morphology of said single major 
surface is such that SFQR max is less than or equal to 0.10 [im and there is no inflection point in the 
wafer between the center and an [annular] region within 2 mm of the wafer perimeter edge. 

10. The wafer according to claim 9, wherein if the wafer is divided into a plurality of 2 mm square 
regions, upon evaluation of PV value in each of the plurality of square regions, a maximum PV 
value from among all evaluated regions is 20 nm or less. 

1 1 . The wafer according to claim 9, wherein if the wafer is divided into a plurality of 2 mm square 
regions, upon evaluation of PV value in each of the plurality of square regions, a maximum PV 
value from among all evaluated regions is 18 nm or less. 
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[Description] 

The wafer_manufacturing_method, 
device, and a wafer 
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[Technical specialty] 

This invention relates to the 
wafer_manufacturing_method, a device, and a 
wafer. 

Specifically, the edge_rounding of a mirror- 
surface-polishing wafer is prevented. 

It enabled it to planarize to a edge It is related 
with the wafer_manufacturing_method, a polish 
device, and a wafer. 



[Background art] 

Generally, as shown in Fig. 18 (a), the 
manufacturing method of a silicon wafer has 

the slicing_process 100 which slices a 
single-crystal ingot and obtains the wafer of a 
thin disk shape, the chamfering_process 102 
which chamfers the edge in order to prevent the 
crack of the wafer obtained by this 
slicing_process 100, and a notch, the 
lappihg_process 104 which planarizes this 
wafer, the etching process 106 of removing the 
process distortion which remains to the wafer 
chamferred and lapped, the polish (polishing) 
process 108 which mirror-surface-izes the wafer 
surface, and the cleaning process 110 of 
removing the abrasive and the foreign material 
which cleaned the ground wafer and adhered to 
this. 

Ari above process shows the main 
processes. Processes, such as the heat 
processing process and a surface-grinding 
process, were applied to others. 

Th'e order of a process may be replaced. 

The polishing (polish) process 108 which 
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mirror-surface-izes a wafer is classified into a 
still fine process. 

However, various polishing methods of a form 
and a polish device are used at each process. 
As the wafer one side polish device 200 used 
for a polish process, for example, as shown in 
Fig. 14, it is provided with the disc-shaped 
fixed board 206 which an abrasive cloth 202 is 
sticked on the surface, and is rotated by the 
rotatable shaft 204, the wafer holding head 208 
which the one surface of wafer W which should 
be ground is held and makes the other surfaces 
of wafer W contact an abrasive cloth 202 (polish 
head), and and the head drive mechanism 
210 which rotates this wafer holding head 208 
relatively to a fixed board 206. 

That which performs a sanding is widely 
known by supplying the slurry 214 which 
contains polish grinding particles from the slurry 
supply apparatus 212, between an abrasive 
cloth; 202 and wafer W. 

Moreover, as another form, as shown in Fig. 
15, there is also the method of grinding 
simultaneously front and back both sides of a 
wafer. 

This double-side_polishing_device 220 has 
the lower_surface_plate 222 and the 
upper_surfacejDlate 224 which were provided 
by performing phase opposing vertically. 

A lowerj3olishing_cloth 226 is laid by the 
upper face of this lower_surface_plate 222. 
Moreover the upper_polishing_cloth 228 is 
respectively laid by the underface of an 
upper_surface_plate 224. 

The disc-shaped carrier 230 is clamped 
between the upper face of the 
lower_polishing_cloth 226 of this 
lower_surface_plate 222, and the underface of 
the ; upperj>olishing_cloth 228 of this 
upper_surface_plate 224. Between this 
lowerjx)lishing_cloth 226 and these 
upper_polishing_clothes 228 is slid, rotating. 

Several carrier hole 232 is pierced by this 
carrier 230. 



02/06/06 



2/46 



(C) DERWENT 



WO02/35593 



$5Loof£T«ft?226 b&± 
mmifi 228 bOffi&feWi-tZo 

m*^ ] jT 230 \z.\-zmm(o* 

* V T*-yU232 tf§m£inX 

y T *-^232 f*]fc@fi@£tl 
5. * * W £fflfgf 5 if 

£ 226, 228 .©Rl^ 
W^ft, m**r V T 230 

(E&l«**g £ £ fctf ? 31 -/n 

M 226 £ f£_hWM 228 t <D 
^ >>;x — 1 #tfe£7 vtT- 

iS^^ftfif^y K 240 

tot, n 17 t^-r<fc 

h 242 TV— 

h ^7 ^ WlK^yv: 244 [Z^=c 
^W«^^t ^ K246 



TTHIOCVDSOGV] 



Wafer W which should be ground is arranged in 
this carrier hole 232. 

When grinding this wafer W, an abrasive is 
supplied between wafer W and the abrasive 
cloths 226 and 228 through the not shown 
through-hole provided to the 
upper_surface_plate 224 from a not shown 
nozzle. This wafer W autorotates and revolves 
around the sun with an autorotation and 
revolution of this carrier 230. Between this 
lower_polishing_cloth 226 and these 
upper_polishing_clothes 228 is slid. 

Both sides of wafer W are ground. 

Moreover, there are various forms also in the 
holdingmethod of a wafer. 

For example, there is the holdingmethod of 
the batch type which a wax etc. is used, is 
attached and is ground several wafer, in the 
shape of same plate. There is the 
holdingmethod of the single wafer processing 
which holds every one wafer by the wax or the 
vacuum suction, and grinds it. 
As the support system of the wafer at the time 
of grinding a wafer, roughly divided, there are 
two of a wax mount system and a wax free 
system. 

Furthermore, there are a vacuum-suction 
system, a template system, etc. as wax free 
system. 

Among these, when polishing wafer W, the 
wafer holding head 240 by the template system 
makes the fitting hole 244 of the template_blank 
of a template 242 fit wafer W, as shown in Fig. 
17. 

The back side of the wafer W is held by the 
backing pad 250 attached by the underface of 
the upper_surface_plate 248 attached in the 
bottom edge of a head 246. 

For polishing wafer W with this holding head 
240, a template 242 is installed on a not shown 



02/06/06 



3/46 



(C) DERWENT 



WO02/35593 



"3 oft blxfcJ:«« 
248 ©TEK&#£*Lfc'*s' : * 
X^-y K250 Ciot^C)!) 

r <7M£?^ 5/ K 240 -C •> 3i — 
"ry-fV— h 242 \Zi$rtZ>7-V 

244 imm-t -)x-aw^ 

h 242 ^^i*©Tfi±l:i 

r 0^^-e±^ffi 248 \z «t 19 x 
h 242 ^Wffi^ftffl $ 

242 t^<D#-eiSix[H]<9 LT 0 



TTHIODVDSOGV] 



5 CMP ( Chemical and 
Mechanical Polishing) t V ^ 5 

tt± \mm t£ x&wl x-wm * n 



OEIRWEGVOT 

lower_surface_plate so that wafer W may come 
below in the state where wafer W which should 
be polished in each fitting hole 244 of the 
templatejDlank in a template 242 was made to 
fit. 

In this state, the one surface of wafer W is 
contacted to the abrasive cloth affixed by the 
not shown lower_surface_plate. 

If a not shown lower_surface_plate is rotated 
while making a backing pressure act on a 
template 242 by the upper_surface_plate 248 in 
this state, a template 242 will also be co-rotated 
on that occasion, and wafer W will be polished. 



Thus neither a vacuum suction, nor the 
attachment by the wax is performed. A soft 
material called backing pad is used. There is 
also the holdingmethod called wax free which 
holds a wafer. 

Moreover, by holding by the soft backing pad 
similarly, it holds so that the shape by the side 
of a adsorption may not transfer on the surface. 
There is also a polishing method called CMP 
(Chemical and Mechanical Polishing) to polish. 
The polish device of these various forms is 
combined. 

A polishing is performed by multi-stage, such 
as a primary polish, secondary polish, and 
finishing polishing, and mirror-surface-ization of 
a wafer is performed. 

In these polishings, many present-condition 
wax mount system is used. 

However, the polishing, the double-sided 
polishing, etc. of a wax free system have been 
used from the relationships by the variation in a 
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cementing layer, such as aggravation of 
flatness, and cleaning of a wax, for example. 

For example, as shown in Fig. 18 (b), wax 
free polish step 1 08A shows the example which 
performs the polishing of a wax free system by 
all of the primary polish step A1, the secondary 
polish step A2, and the finishing polish step A3. 
Double-sided polish step 108B showed the 
example which performed the double-sided 
polishing at the primary polish step B1, and 
adopted the polishing method of the other form 
at the other secondary polish step B2 or the 
finishing polish step B3. 

The primary polish steps A1 and B1 are the 
purposes with main planarization and mirror- 
surface-izing. 

It is the process polished by the margin for 
polishing of 10 or more micro-ms. 

In order to correct shape (the so-called 
correction polish), a comparatively hard 
abrasive cloth is used. 

Recently, before a polish process, for 
example, flatness is improved according to the 
etching process, the lapping_process in front of 
it, or the surface-grinding process. It may 
mirror-surface-ize, without breaking down this 
shape (the so-called copying polishing ). 

It follows with such a correction polishing and 
flatness is improved with the combination of a 
polishing. Mirror-surface-ization is attained. 

The secondary polish steps A2 and B2 are 
the purposes with main mirror-surface-izing of 
the part which has not been improved at the 
primary polish steps A1 and B1. 

Fixed thickness is removed by about several 
micro- m margin for polishing without breaking 
down shape. It polishes. 

The so-called copying polishing is main. 

However, shape of a wafer edge may be 
corrected in this stage. 
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The improvement of a haze of the finishing 
polish steps A3 and B3 is the purpose. 

The margin for polishing is very trace amount. 

The taper of a wafer etc. is eliminated. 

It is effective to polish, making a wafer 
autorotate during polish, in order to make it 
flatter. 

Wax free and a double-sided (simultaneous) 
polishing are preferable. 

Therefore, the polishing of such a form is 
performed in a primary polishing. 

A taper is improved when the conventional 
wax free polish and a double-sided 
(simultaneousness) polishing are performed. 

However, the edge_rounding had generated 
mostly. 

Moreover while polishing more than one in 
the stage, the spattering etc. happens. Within 
the wafer surface, particularly a periphery 
part, ; it has an inflection point. The roughness 
(the nano topology may be called) and the 
flatness in minute area were worsened. 

The above-mentioned edge_rounding is a 
phenomenon as follows. A wafer edge is 
polished superfluously. It becomes thinner than 
center part. 

It is the phenomenon which will be easy to 
happen if it polishes by the general method. 

The spattering is the phenomenon that a 
wafer edge is not polished conversely but it 
becomes thicker than center part. 

This seldom happens usually. 

However, it is easy to be generated when 
grinding with the polish head using the • • =-/\„ 
! y ring by CMP etc. 



1 2 tktffM^XW- Moreover, in order to improve flatness by the 
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primary secondary polishing etc. (It is premised 
on the edge_rounding happening), the polish 
pressure of only a wafer edge is made lower 
than center part. It may be generated by making 
the polishing velocity of a periphery part slow 
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intentionally. 

An inflection point is an inflection point 
produced by polishing as the wafer which has 
an edge_rounding as mentioned above has 
been eliminated. 

If such an inflection point exists, the value 
called nano topology will become bad. 
Nano topology (called a nano topography ) 
divides the wafer surface to several region of 
several millimeters angle. 

The difference of elevation (peak-to-valley: PV 
value) for every region was evaluated. 

And how many % the region which occupies 
a specific difference of elevation (PV value) 
occupies within a wafer surface, or how much 
the biggest PV value in the evaluated all- 
domain PV value is, is evaluated. 

There are a back-side reference, a front-side 
reference, etc. in a flatness. 

For example, it expresses like SBIR and 
SFQR. 

Here, as for SBIR (Site Back-side Ideal 
Range), about flatness, the chuck surface which 
performs adsorption fixation particularly of the 
wafer is made into a fixed reference. 
It evaluates for every site (Each area which 
divided the wafer whole surface for every fixed 
region). 

It defines as a distance difference of minimum 
place as the highest place from a chuck 
surface. 

moreover, as for SFQR (Site Front least- 
sQuares Range), the average plane of a 
surface reference is particularly calculated for 
every site about flatness. 

It is the value showing the maximum range of 
the roughness with respect to the surface. 

Particularly in the flatness of a wafer, SFQR 
and the nano topology of a surface reference 
need to be received. 
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An inflection point is not made only by 
performing the double-sided polishing of a 
wafer. 

however, the edge tends to round. 

Particularly since both sides round, the 
influence is big. 

By decreasing the allowance for machining of 
a double-sided polish process, a drip is made 
small. 

However, in order to obtain a mirror surface, 
the allowance for machining of a subsequent 
secondary polishing increases. It rounds after 
all. 

Moreover, when the polishing by the wax free 
system is performed, It is easy to produce 
rounding in the edge part like a double-sided 
polishing. A flatness is not sufficient, either. 

[An indication of invention] 

In this invention, the drip of the wafer edge 
which was the most difficult is controlled by 
such polish technology. 

It f; aims at providing the 
waferjTianufacturing_method, the polish 
device and the wafer which improved the value 
of nano topology required particularly in recent 
years. 

In order to solve an above subject, in the 
polish process which mirror-surface-izes the 
wafer surface, the 

wafer_manufacturing_method of this invention 
performs the back-side polishing of a wafer, in 
order to take out the reference plane of a wafer. 

It is characterized by the above-mentioned. 
With the reference plane of an above wafer, the 
wafer which has curved is absorbed to a flat 
wafer holding board. 

It is the surface obtained by polishing in the 
forcedly flat state. 

The multiple stage polish process which 
performs stage polish of plural wafers as an 
above polish process is used. It is suitable to 
perform an above back-side polishing after the 
primary polish process of this multiple stage 
polish process. 
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In the multiple stage polish process above, it is 
preferable to perform the polishing of a wafer 
Double-sided (simultaneous) polish -> 
Back_(single-side)_polishing -> Frontjsingle- 
side)_secondary_polishing -> front (single side) 
finishing polish in this order. 
Thus after double-sided simultaneous polish 
(primary polish process), it absorbs to a flat 
wafer holding board. 

It is preferable to put the process which 
makes a forcedly flat state and polishes a back 
side. 

As for the wafer by which double-sided polish 
was performed at the double-sided 
simultaneous polish process, the taper is 
favorable. The edge tends to round. There is a 
problem of an above. 

Therefore, it is preferable to polish by both 
sides in a double-sided polish process at an 
about 5 micro-m-20 micro-m margin for 
polishing. 

Moreover, in an above multiple stage polish 
process, it is based on a surface reference 
polish system. It is suitable to perform the 
polishing of a wafer in the order of 
frontl(single-side)_primary_polishing -> 
BackJsingle-side)_polishing -> front_(single- 
side)_secondary_polishing -> surface (single 
side) finishing polishing. 

Thus after the surface polish (primary polish 
process) by the surface reference polish 
system, it absorbs to a flat wafer holding board. 

It is preferable to put the process which 
makes a forcedly flat state and polishes a back 
side. 

Nano topology is good when the polishing by 
the • surface reference polish system is 
performed. 

Hdwever, it is to be easy to produce a drip 
among a periphery part like a double-sided 
polishing. 

Thfere are wax free polishings, such as a 
template system, as an example of the 
polishing of a surface reference polish system. 

However, the polish system held with a soft 
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elastic-body membrane, for example, a backing 
pad ?and a soft film, to a part for the wafer 
retainer is preferable. 

Thereby, a surface standard sanding can be 
performed. 

Next, as for the back-side polishing newly 
introduced with this invention, the holding board 
of the type which a wafer holding board is flat 
and performs a adsorption holdingby the 
vacuum suction with high hardness etc. is used. 
Polishing is suitable. 

At this time, it is preferable that adsorption 
traces are made not to transfer to a wafer. 
In other words, the hole of the through-hole for 
performing a vacuum suction is made small. 

A adsorption pressure is made as low as 
possible and is held. 

Flatness of one surface is improved by this 
and a reference plane is made. 

The margin for polishing in this polishing is 
preferably about 3-10 micro-m. 

Thereby, flatness becomes better to a 
periphery. 

Taking out the reference plane of a wafer can 
take out, even if it polishes surface side. 

However, a back-side is polished in this 
invention and it is made to take out a reference 
plane. 

In other words, as for the reference plane of 
this wafer, it is indispensable to take out with 
polishing a back-side in this invention. 

If the surface is further polished after double- 
sided polish or wax free polish, A surface 
edge part will round further. The case where 
adsorption traces are also generated in a polish 
surfabe by some polish head (the 
holdihgmethod of a wafer) is an existence. It is 
for being connected with aggravation of a 
flatness, and aggravation of nano topology. 

Such aggravation needs to be prevented in 
order to improve the nano topology of a surface 
reference. 

It is because adjustment of flatness or the 
edge_rounding needs to be performed by the 
back side which is not related to surface nano 
topology. 
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In addition, the technology which polishes a 
back-side after a double-sided polishing is also 
in a PRIOR ART 

However, in order for this not to take out a 
reference plane and to clarify distinction of front 
and back after a double-sided polishing, it is 
because there was a case where the polishing 
which makes a surface roughness coarse 
purposely (back-side) was performed. 
A back-side is not made coarse in this 
invention, but a back-side is mirror-surface-ized 
also in this stage. 

It is polish which improves flatness and a 
surface state. 

It is preferable to perform a back-side 
polishing after a primary polishing particularly. 

A primary polishing is performed by the 
double-side_polishing_device. A taper is 
eliminated. Or a primary polishing is performed 
by the wax free polishing of a surface reference 
polish system. Flatness of the whole wafer is 
improved. 

A reference plane is made from after that 
polishing a back-side, and, after that, the 
secondary_polishing of the surface is 
performed. The wafer which does not have an 
inflection point in a wafer edge can be 
manufactured by performing finishing polish. 

In addition, primary, secondary, and finishing 
(tertiary) here are expressed by the frequency 
by which surface side is polished. 

By ; putting a back-side polishing, flatness 
(indirectly surface flatness) of the whole wafer is 
improved. 

In other words, the flatness and 
edge_rounding of the surface is improved, 
without polishing the surface, when releasing a 
adsorption by absorbing and polishing the 
surface. 



The description of the 

wafer__manufacturing__method of this invention 
is that a wafer is not absorbed when polishing 
surface side of a wafer (fixation), and that a 
wafer is fixed and polished when polishing a 
back side. 

Although particularly the fixing method of the 
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wafer at the time of back-side polish is not 
limited, it is fixed to a flat wafer holding board by 
an attachment or the vacuum suction with a 
wax. 

A holding surface side is forcedly changed 
into a flat state, and a back side is polished. 

In other words, when polishing the surface, it 
polishes by the wax free system of a surface 
reference polish system. And when polishing a 
back-side, it polishes by the back-side 
reference polish system held and polished to 
the workpiece holding board with a reference 
plane. 

Particularly, it polishes in the order of the 
process of Surface polish -> Back-side polish 
-> surface polish. 

The quality of nano topology is made from a 
surface polishing, and it is crowded with it. The 
quality of a flatness is made from a back-side 
polishing, and it is crowded with it. 

What is sufficient is just to perform the 
secondary_polishing and a finishing polishing 
about the surface polishing after back-side 
polish. 

However, a similar effect is obtained even 
wheh only a finishing polishing increases 
number of sections further. 

In addition, in the few polishings of a margin 
for polishing, such as a finishing polishing, 
whichever of a surface reference polish system 
and a back-side reference polish system may 
be adopted. 

The first aspect of the polish device of this 
invention has the surface of a wafer the 
primary first polish part to polish, by the surface 
reference polish system, the first inversion 
apparatus which reverses the front and back 
surface of the wafer polished by the first polish 
part, the second polish part which polishes a 
back-side where it absorbed the surface 
polished in the first polish part to the flat wafer 
holding board and it is forcedly made flat, the 
second inversion apparatus which reverses the 
front and back surface of the wafer polished by 
the second polish part, the third polish part 
which performs the secondary_polishing of the 
surface of a wafer with a wax free system and 
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the 4th polish part which finishes the surface of 
a wafer with a wax free system, and polishes it. 

It is characterized by the above-mentioned. 

The 2nd aspect of the polish device of this 
invention has the first polish part which is the 
polish device which has a three polish part at 
least, and polishes the surface, without 
absorbing the back-side of a wafer, the first 
inversion apparatus which reverses the front 
and back surface of the wafer polished by the 
first polish part, the second polish part which 
absorbs the surface polished in the first polish 
part to a flat wafer holding board, makes a 
forcedly flat state, and polishes a back-side, the 
second inversion apparatus which reverses the 
front and back surface of the wafer polished by 
the second polish part, and the third polish part 
which polishes the surface, without absorbing 
the back-side of a wafer. 

It is characterized by the above-mentioned. 

The wafer of this invention is a wafer with 
which mirror-surface polishing of both sides was 
performed. As for the shape of the one main 
surface ( Side which forms a device : front), 
SFQRmax is below 0.10 micro-m. 

There is no inflection point in a center side 
from 2 mm from a wafer edge It is characterized 
by the above-mentioned. 

An= inflection point is a point which changes 
from the state where a shape is upwards 
convex, to a convex downward. Or it is the point 
which changes from a convex to a convex 
upwards downward. 

It is the part which the code of differential 
coefficient replaces. 

The wafer of this invention is a wafer without 
the abrupt change of this curvature. 

It is characterized by the above-mentioned. 

Particularly it is the wafer which does not 
have a change of 0.02 micro-m or more big 
roughness from the end face of a wafer to 2-20 
mm in the vicinity. 

Furthermore the wafer of this invention divides 
the surface to several region of 2 mm square. 
The PV value for every region is evaluated. 

It is preferable that a maximum PV value is 20 
nm or less in the evaluated this all-domain PV 
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[BRIEF EXPLANATION OF DRAWINGS] 

Fig. 1 is a flowchart which shows an example of 
the order of a process in the first embodiment of 
the wafer_manufacturing_method based on this 
invention, (a) is the manufacturing process of a 
wafer. And ( b ) shows the procedure in a 
polishing process. 

Fig. 2 is a map in which the flatness on the 
surface of a wafer after the polish completion in 
Example 1 is shown. 

Fig. 3 is a map in which the flatness on the 
surface of a wafer after the polish completion in 
Comparative Example 1 is shown. 

A Figure 4 is a map in which the flatness on 
the surface of a wafer after the polish 
completion in Comparative Example 2 is shown. 

Fig. 5 is a diagrammatic chart in which the 
cross-sectional shape (relationship of the 
distance from a wafer end face and a change of 
thickness) of the periphery part of the wafer 
after the polish completion in Example 1 and 
Comparative Example 1 and 2 is shown. 



Fig. 6 is a diagrammatic chart in which the 
relationship of the PV value of the wafer after 
the polish completion in Example 1 and 
Comparative Example 1 and 2 and the 
occupation rate are shown. 

A Figure 7 is the model showing an example 
of the order of a process in the first embodiment 
of the wafer_manufacturing_method of this 
invention. 

Fig. 8 is model showing the order of a 
production process of the wafer in Comparative 
Example 1 . 

Fig. 9 is model showing the order of a 
production process of the wafer in Comparative 
Example 2. 

Fig. 10 is a flowchart which shows an 
example of the order of a process in the 2nd 



02/06/06 



14/46 



(C) DERWENT 



WO02/35593 



TO-DOUVDSOGSQ 



OEKWE0S0T 



the 
this 



^(D%ki^Jife(DW, 2 <DWfc<OT& embodiment of 

$|K::Jotf SlSUiRco— M^^ir wafer_manufacturing_method based on 

7p-^^,_|,^ i ( a ) x invention, (a) is the manufacturing process of a 

— />©ftfjSISfttMb) ttaKU wafer " And ( b shows the P rocedure in a 

y ^IgfcStt5#J«r* P0Hshing pr0C6SS - 



12] 11 te,#3P^I^5^-/N 

z^-r^-mmm. w m -e h z> . 

El 12 fi, H 11 cD^^^-rffiij 
m 13 fi, #3§Wlvi#>5^- 

0 14 tt N >T-®WJg^SO-ff!) 

11 15 it, m^mm^w.(o-m 



no 16 fi, mmtm-e&mzti 

**WfiBttWia-C*>So B 17 

ei 18 it, i£M<D$*-^mm 

-^*r— YX\ (a) fi<^-^ 
^®J^Ifl&^ (b) yi/ 



Fig. 11 is a plane outline explanatory drawing 
showing one embodiment of the manufacturing 
apparatus of the wafer based on this invention. 

Fig. 12 is a side-outline enlargement 
explanatory drawing showing the principal part 
of Fig. 11. 

Fig. 13 is a plane outline explanatory drawing 
showing the other embodiment of the 
manufacturing apparatus of the wafer based on 
this invention. 

Fig. 14 is a side explanatory drawing showing 
an example of the single side polish device. 

Fig. 15 is an indication cross-section 
explanatory drawing of the principal part which 
shows an example of a double- 
side_polishing_device. 

Fig. 16 is an indication cross-section 
explanatory drawing of the principal part which 
shows an example of the polish device used by 
the back-side polishing. 

Fig. 17 is an indication cross-section 
explanatory drawing of the principal part which 
shows an example of the wafer polish device by 
the template system. 

Fig. 18 is a flowchart which shows an 
example of the order of a process of the 
conventional wafer manufacturing method, (a) 
is the manufacturing process of a wafer. And 
( b) shows the procedure in a polishing process. 
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[PREFERRED EMBODIMENT] 

Although the embodiment of this invention is 
demonstrated with a drawing below, unless it 
deviates from the technical thought of this 
invention, a deformation various in addition to 
these embodiments can be performed. 

Fig. 1 is a flowchart which shows an example 
of the order of a process in the first embodiment 



02/06/06 



1,5/46 



(C) DERWENT 



WO02/35593 



(Dmm^m<Dm 1 (ommmm 

u—=f-*>~ YX\ (a) te?^- 

^wiiigRt; (b) fi^u v 

IH 1 (a) <£>^— ^(D^ifX 
Uitm 18 (a) {^Lfc^O 

? ^-^(Dmrnum t mmvfo 

y ^»^xmio8 tm^oT 

107 mi (b) {c^^nsr 
d nk) mm* 

x-yyi07a-itS (Kffi) MB 
^f-^ 107b^>tS (^®) 2 

y 7° 107c-»JtE 
ffi) ti:±tfWmxTy7 107d 
^?>«fi5t$ix5c H 18 (b) K 
^Lfc$E*©PiiB13F* 108B t 
pE]ffil?P# (1 fc) 

mm 107a ro&Ktfs (sao) 

Sff^^x^T 0 107b &ft5&\z 

liijoV^Tfi* 17 31— ^(Dlffi^ 

±f5Pf®HP# (1 &) ffifg* 
x^yi07a $rff 5fctt, H1 15 

&<btiT^-5pE]®flf«^g 220 
77/ 107b TMft/B$*LSffl* 



TTHIOGVDSOGV] 



©EIRWEGSflT 

of the wafer_manufacturing_method based on 
this invention, (a) is the manufacturing process 
of a wafer. And ( b) shows the procedure in a 
polishing process. 

The manufacturing process of the wafer of 
Fig. 1 (a) is the same as that of the 
manufacturing process of the conventional 
wafer shown in Fig. 18 (a). 

However, in the method of this invention, the 
polishing process 107 differs from the 
conventional polishing process 108. 

the polishing process 107 of a method of this 
invention is composed of double-sided 
simultaneousness (are primary) polish step 
107a-> single side (back-side) polish step 
107b-> single side (surface) 
secondary_polishing step 107c-> single side 
(surface) finishing polish step 107d, as shown in 
Fig. 1 (b) 

The point different from the conventional 
double-sided polish 108B shown in Fig. 18 (b) is 
that single side (back-side) polish step 107b is 
performed after double-sided simultaneousness 
(are primary) polish 107a. 

As mentioned above, in this invention, the 
backside of a wafer is polished and the 
reference plane of a wafer is taken out. 

The greatest description is in this point. 



For performing above double-sided 
simultaneousness (are primary) polish step 
107a, what is sufficient is just to use the 
double-sidej>olishing_device 220 known as a 
device which was already demonstrated with 
Fig. 15, and which, in general, polishes 
simultaneously front and back both sides of a 
semiconductor wafer. 

About the polish device used by back-side 
polish step 107b which is the description of this 
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invention, there is particularly no limitation if a 
reference plane can be made. 

However, for example, the device which is 
shown in Fig. 16 can be used. 

In Fig. 16, the wafer holding board for polish 
152 of the polish device 150 has has the 
through-hole 156 the wafer holding surface 154 
and for many vacuum suctions. It has the highly 
flat SiC rigid wafer holding board main body 
158. 

These through-holes 156 are connected with 
a not shown vacuum devices from the vacuum 
path 1 60. The adsorption holding of the wafer W 
is performed by vacuous generation in the 
wafer holding surface 154. 

Furthermore the wafer holding surface 154 of 
the wafer holding board main body 158 may be 
coated with the resin film 162 with the through- 
hole. 

Andjin case of the polishing of wafer W, wafer 
W is held by the vacuum suction etc. to the 
wafer holding surface 154 of the wafer holding 
board for polish 152. 

It mounts on the polish head 166 with a 
rotatable shaft 164. 

Wafer W is pushed against to the abrasive 
cloth- pasted on the not shown fixed board 
rotated by the predetermined load at the same 
time it rotates by the polish head 1 66. 
In addition, 168 is the vacuum path 160 and the 
air supply path by which the parallel 
establishment was performed. Air is supplied to 
the pressurization space 170 which is an inside 
of the wafer holding board 152, and was 
provided to the upper part of the wafer holding 
board main body 158. The wafer holding board 
main body 158 rockably supported by the 
elastic-support parts 172, such as rubber, at the 
wafer holding board 1 52 is pressed below. 

Wafer W can be pushed against in the state 
of pressurization to the abrasive cloth of a not 
shown fixed board. 
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Supply of an abrasive is supplied on an 
abrasive cloth by the predetermined rate of flow 
from a not shown nozzle. 

A wafer is polished by supplying this abrasive 
between wafer W and an abrasive cloth. 

A reference plane can be taken out by putting 
such a polishing. 

Although the wafer is flat, if a adsorption is 
released in the state where it absorbed after this 
polishing, a wafer tends to return to an original 
form. 

The edge_rounding of surface side is also 
improved at this time. 

When a back-side polishing also has many 
margin for polishings, the edge rounding tends 
to happen. 

However, even if a back-side is rounded, or 
it has an inflection point, It holds by the soft 
backing pad etc. so that a back-side may not 
transfer by the secondary_polishing. The 
polishing of the surface is performed, without 
breaking down shape. The drip of a back-side is 
uninfluential. Only the surface can carry out 
mirror surface -izing. 

Moreover, the marks of a adsorption hole etc. 
may be transferred by the polish surface. 

Since a wafer is forcedly absorbed in the flat 
state in order that this may take out a reference 
plane, an adsorption power becomes strong 
inevitably. After the shape near a adsorption 
hole polishing, it will appear. 

Nano topology will become bad if the marks 
of such a adsorption hole appear. 
However, in a method of this invention, since a 
back-side polishing is performed, it is that these 
adsorption traces appear by the back-side. 

Since the marks transferred by the back side 
like the edge_rounding can carry out the 
secondary_polishing, without being influenced 
by the surface, they do not have a problem. 
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Therefore, in single side (surface) 
secondary_polishing step 107c in a method of 
this invention, it is preferable to use the polish 
device called CMP 

CMP holds a wafer, for example, by the soft 
backing pad etc. 

It grinds, with the shape of a polish surface 
maintained. 

At this time, it is preferable to set up hardness 
of an abrasive cloth from a usual abrasive cloth 
by the Asker-C hardness at eye a hard 70 to 
about 90. 

In this secondary_polishing step 107c, it is 
preferable to make a margin for polishing into- 
about 2 micro-m or less. It is preferable to 
include also secondaryjolishing step 107c and 
finishing polish step 107d, and to make 
particularly, to 1 - 1.5 micro-m grade. 

With such a margin for polishing, generation 
of the edge_rounding by this polishing can be 
restrained. 

Mirror-surface-ization can also be performed 
sufficiently. In addition, when 
secondary ^polishing step 107c also increases a 
margin for polishing using the polish head which 
used the retainering etc., correction of wafer 
shape can be performed. 

However, if such a polishing is performed, the 
wafer with an inflection point will be easy to 
manufacture. 

Therefore, in secondary_polishing step 107c, it 
sets as the margin for polishing which hardly 
performs correction of shape. 

It is preferable to polish, with the shape of 
primary polish step 107a (and back-side polish 
step 107b) maintained. 

What is sufficient is just to use and polish a 
suede type abrasive cloth etc. finishing polish 
step 107d by using conventional single side 
polish device 200 which was already 
demonstrated with Fig. 14. 

Thfe rounding of a wafer edge tends to 
become big as a margin for polishing increases 
generally. 

Therefore, in order to improve the flatness 
and the nano topology of a surface reference, 
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decreasing the margin for polishing of surface 
side is desired. 

Flatness (edge_rounding) is improved in the 
state where the margin for polishing of entire 
surface side was decreased. 

Moreover after a secondary_polishing step, 
the polishing is performed so that a back-side is 
not transferred. The wafer which does not 
have a change of the roughness more than 0.02 
micro-m and an inflection point big in other 
words in the good wafer of the flatness of a 
surface reference and nano topology and a 
wafer edge especially from an end face to near 
2-20 mm can be manufactured. 



Then, the Figure 7 which shows an example of 
the order of a process in the first embodiment of 
the k wafer_manufacturing_method of this 
invention by model is used. A change of the 
wafer shape in each polish stage of a method of 
this invention is demonstrated. 

First, for example, the similar double- 
sidej)olishing_device as what was shown in 
Fig. 15 is used. Surface A of wafer W and the 
primary (both sides) polishing of back-side B 
are performed [Figure 7 (a)]. 

It does not limit particularly as polish 
conditions of this primary (both sides) polish 
step. 

However, polishing the following condition is 
preferable. 

Polish Load: 200-600 g/cm2 (20-60kPa) 
Abrasive-cloth: Nonwoven-fabric type (60 to 80 
(beirfg an Asker-C hardness about)) 
Abrasive: Colloidal silica content (pH= 10-11) 



AmoLnt-of-supply: 4-6L/min 
Margin for polishing : At both sides, it is 5 
micro-m - about 20 micro-m, preferably, about 
16 micro-m of both sides. 
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The above-mentioned Asker-C hardness is 
the value measured by the Asker rubber 
hardness-meter C type which is one type of a 
spring hardness tester. 

It is the value according to SRIS 0101 which 
is a Japanese rubber association specification. 

The taper becomes better as wafer W after 
this double-sided polish process is shown in a 
Figure 7 (a). 

However, rounding E of the edge of wafer W 
is generated. 

Next, back-side polish (reference-plane 
production) of this wafer W is performed [a 
Figure 7 (b), (c), (d)]. 

At^ this back-side polish process, the wafer 
holding board for polish of a polish device, the 
rifid holding board 1 52 made from SiC with the 
through-hole 1 56 the wafer holding surface 1 54 
like the polish device 150 shown in Fig. 12 and 
for many vacuum suctions is used. The thing 
that the resin film 162 of an epoxy resin was 
formed to the holding surface 154 of this wafer 
holding board 152 was used. 



If wafer W is absorbed by this wafer holding 
board 152, the absorbed wafer surface will 
become flat. 

Roughness appears in another surface. 

The state where it became convex-shaped is 
shown by the Figure 7 (b) below. 

The rounding E of the edge of wafer W is 
redoubled at this time (E*2). 

If it polishes where this is absorbed as shown 
in the Figure 7 (c), flat wafer W will be 
manufactured. 

The polish conditions of this back-side polish 
step are not limited particularly, either. 

However, polishing the following condition is 
preferable. 

Polish Load: 200-600 g/cm2 (20-60kPa) 
Abrasive-cloth: Nonwoven-fabric type (60 to 80 
(being an Asker-C hardness about)) 
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Abrasive: Colloidal silica content (pH=10-11) 
Amount-of-supply: 5-15L/min 
Margin for polishing : 3 micro-m - about 8 
micro-m, preferably, about 5 micro-m. 

A reference plane can be taken out by putting 
sucha back-side polishing. 

However, also in this polishing, a edge part 
may round a little. 

Although wafer W is flat in the state where it 
absorbed if a adsorption is released, as 
shown in the Figure 7 (d), it is going to return to 
an original form. 

Moreover, as shown in the Figure 7 (d), 
marks D of a adsorption hole may be 
transferred by the polish surface. 

However, such drip e and adsorption traces D 
appear only in back-side B of wafer W. Surface 
A of wafer W is becoming better flatness 
compared with the primary time of polishing. 

However, it is the viewpoint of the same state. 

Secondary (surface) polish of such wafer W is 
performed [a Figure 7 (e) and (f)]. 

This polishing will not be particularly limited, if 
the apparatus and method used conventionally 
is used. 

However, using the wafer retaining by the 
banking pad 250 which was shown in Fig. 17, 
and the polish device 240 which uses an 
abrasive cloth a little harder than the abrasive 
cloth conventionally used by the 
secondary_polishing, polishing is preferable. 



As polish conditions of this secondary (surface) 
polish step, it does not limit particularly. 

However, polishing the following condition is 
preferable. 

Polish Load: 100-300 g/cm2 (10-30kPa) 
Abrasive-cloth: A nonwoven-fabric type, a 
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suede type, or a polyurethane type (70 to 90 
(being an Asker-C hardness about)) 
Abrasive: Colloidal silica content (pH= 10-11) 
Amount-of-supply :10L/min or more 



Margin for polishing : several micro-m, 

preferably two or less micro-m. 

In other words, CMP is used at a secondary 

(surface) polish step. Only surface shape is 

corrected by using the soft backing pad 250 

(Fig. 17) and a comparatively hard abrasive 

cloth. 

It can polish, without transferring shape of a 
backside. 

A 'backing pad 250 (Fig. 17) consists of a 
urethane foam pad. As for thickness, below 300 
micro-m is preferable. 

Moreover as for the hardness of an abrasive 
cloth, 70 to about 90 are preferable at an 
Asker-C hardness. 

In addition, it is not particularly limited with the 
abrasive cloth used at each polish step. 

However, as for the abrasive cloth (polishing 
pad) used at these polish steps, a nonwoven- 
fabric type abrasive cloth and a suede type 
abrasive cloth are mainly used. 

The nonwoven-fabric type abrasive cloth 
made the polyester felt (the tissue is random 
construction) impregnate a polyurethane 
generally. 

There is porosity. 

And elasticity is also moderate. 
It excels in a high polishing velocity and high 
flatness. Since the amount of polishes can be 
made large, it is mainly used by the primary 
secohdary_polishing etc. 

Moreover, a suede type abrasive cloth grows 
up a foaming layer into the base material which 
made the polyester felt impregnate a 
polyurethane, into a polyurethane. 
The surface site is removed. It is that (this layer 
is called nappe layer) which provided an 
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opening to the foaming layer. It uses particularly 
finishing. 

When the abrasive held in the foaming layer 
effects between a workpiece and a foaming- 
layer inside, a polishing advances. 

It is used abundantly at a chemical 
mechanical polishing, and the surface without a 
damage is obtained. 



In recent years, in order to improve flatness 
more, it uses as the abrasive cloth of 3 layers. 
For example, let the nappe layer which makes a 
hard, plastic sheet a base material and consists 
of urethane be surface layer. 

The abrasive cloth of the type using the 
nonwoven fabric that the elastic-body sheet was 
formed is also in the lower part of a base- 
material part. 

These abrasive cloths should just select the 
optimum thing suitably at each step. 

Moreover, the similar process as this 
secondary_polishing step may be added 
further. 

It finishes to wafer W which the 
secondary_polishing completed, and a 
polishing is performed [Figure 7 (g)]. 

A finishing polishing should just use a 
conventional method. 

Particularly the polish device for finishing 
polish is not limited. What is sufficient is just to 
carry out the following condition as polish 
conditions of a finishing polish step. 
Polish Load: 100-200 g / cm2 (10-20kPa) 
Abrasive-cloth: Suede type 
Abrasive: Colloidal silica content (pH=10-11) 



mm 



0. 5~1L/min 

0. 1/zmyT©fM 



Amount-of-supply: 0.5-1 L/min 

Margin for polishing : It is good at a margin for 
polishing 0.1 micro-m or less. 
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The wafer polished through the polish step 
which was shown in Figure 7 (a) - (g) does not 
almost have an inflection point etc. in the 
surface. The highly flat wafer with which the 
rounding has also been improved can be 
manufactured. 

In addition, what is sufficient is just to set the 
polish conditions of each step as the optimum 
conditions suitably with the shape of a wafer. 

The first embodiment of the method of this 
invention shown in Fig. 1 showed the case 
where a double-sided simultaneous polishing 
was performed as a primary polishing. 

However, as a primary polishing, the other 
type polish approach can also be used and it 
demonstrates below. 

Fig. 10 is a flowchart which shows the 2nd 
embodiment of the order of a process of the 
waferj7ianufacturing_method based on this 
invention, (a) is the manufacturing process of a 
wafer. And (b) shows the procedure in a 
polishing process. 

The manufacturing process of the wafer of 
Fig. -10 (a) is the same as that of the first 
embodiment of the manufacturing process of 
the conventional wafer shown in Fig. 18 (a), and 
the manufacturing process of the wafer of this 
invention shown in Fig. 1 (a). 

However, about this invention, the polishing 
process 307 differs from the conventional 
polishing process 108 and the polishing process 
107 of Fig. 1 (a). 



The polishing process 307 in the 2nd 
embodiment of a method of this invention is 
shown in Fig. 10 (b). It is made of front_(single- 
side)lprimary_polishing step 307aby the 
surface reference polish system->, 
Back_(single-side)_polishing step 307b-> 
Front_(single-side)_secondary_polishing step 
307c-> and front (single side) finishing polish 
step 307d. 

Fr6ntJsingle-side)__primary_polishing step 
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307a by the surface reference polish system is 
the polish by wax free systems, such as the so- 
called template system using the backing film, 
and the polish system which holds a wafer 
through an elastic body. 

Thus it is the polish system polished, without 
fixing a wafer to the holding board which does 
not hold a wafer forcedly by the vacuum suction 
etc., but serves as a reference plane. 

The point different from the conventional wax 
free polish 108A shown in Fig. 18 (b) is that 
Single side (back-side) polish 307b is 
performed after wax free polish 307a by the 
surface reference polish system. 

As mentioned above, in this invention, the 
back-side of a wafer is polished and the 
reference plane of a wafer is taken out. 

The greatest characteristic is in this point. 

What is sufficient is just to use the polish 
device which was already demonstrated with 
Fig. 17, in order to perform polish step 307a by 
the above surface reference polish system. 
In addition, back-side polish step 307b of a 
polishing process, secondary_polishing step 
307c, and finishing polish step 307d 
corresponds with back-side polish step 107b 
which was shown in Fig. 1 (b), 
secondary_polishing step 107c, and finishing 
polish step 107d. 

Moreover since the process is similar, it omits 
explanation. 

About a change of the wafer shape in each 
polish stage of the second embodiment of a 
method of this invention, it is related with the 
first embodiment of this invention. 
Specifically, it is the same as that of the 
demonstrated Figure 7 almost. 

When talking about both difference, in the 
2nd embodiment of this invention, As for the 
wafer after polish step 307a of a surface 
reference polish system, the wafer surface is 
mirror-surface-ized. It is the surface of the state 
where it etched the wafer back-side. 
However, the rounding by polish and the 
etching is generated in the edge of wafer W. 

It is similar in shape to Figure 7 (a). 

Furthermore, the 2nd embodiment of a 
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method of this invention is demonstrated below 
centering on the difference with the case of the 
first embodiment of the method of this invention 
which performs a double-sided polishing at a 
primary polish step. 

It does not limit particularly about the polish 
conditions of the polish (primary polish) step by 
the surface reference polish system in the 2nd 
embodiment of a method of this invention. 

However, polishing the following condition is 
preferable. 

Polish Load: 200-600 g/cm2 (20-60kPa) 



Abrasive-cloth: Nonwoven-fabric type (about 60 

to 80 by Asker c hardness) 

Abrasive; 

Colloidal silica content (pH=10-11) 
Abrasive Amount-of-supply: 4-6L/min 

Margin-for-polishing:5-10 micro-m, preferably 
about 8 micro-m 

Next, the back-side polishing of this wafer is 
performed. 

In other words, the reference plane 
corresponded to a Figure 7 (b), (c), and (d) is 
produced. 

When a primary polish step is the wax free 
polishing of a template system, for example, the 
rounding of the wafer edge shown by the Figure 
7 (b) added a surface (polish surface) drip to the 
drip of a back-side (etching surface). 
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The conditions of the back-side polish step in 
the 2nd embodiment of a method of this 
invention are not limited particularly, either. 

However, polishing the following condition is 
preferable. 

Polish load =200-600 g/cm2 (20-60kPa) 
Abrasive-cloth: Nonwoven-fabric type (60 to 80 
(being an Asker-C hardness about)) 
Abrasive: Colloidal silica content (pH=10-11) 
Abrasive amount-of-supply =5-15L/min 



margin-for-polishing: 5-1 01 1m, preferably about 
8 micro-m 

Since a margin for polishing is a surface 
which etches the back-side, polishing mostly a 
little is more preferable than the example which 
implemented the double-sided polishing in the 
primary polish step. 

Since the step after this, is the same as that 
of the case of the first embodiment of the 
method of this invention shown in Fig. 1 (b), 
explanation for the second time is omitted. 

Several steps of such polishings in the 2nd 
embodiment of a method of this invention may 
perform with the device for primary polish, each 
polish device, for example, primary polish step. 
And the device for back-side polish may 
perform a back-side polish step. 

However, it is preferably the composite polish 
device which has arranged several polish 
device integrally. 

Fig. 11 is an outline plane explanatory 
drawing showing one embodiment of the 
composite polish device of suitable this 
invention to implement the 2nd embodiment of 
the method of this invention which has arranged 
4 sets of polish devices integrally, and 
constituted them. 

In Fig. 11, the polish device 400 of this invention 
arranges continuously the polish device of 4 
sets of different forms. 

The front_(single-side)_primary_polishing 
part (first polish part) 401, the backjsingle- 
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side)_polishing part (second polish part) 402, 
the front_(single-side)_secondary_polishing 
part (third polish part) 403, and the surface 
(single side) finishing polish part (4th polish 
part) 404 were respectively constituted. 

In Fig. 11, 405 is a first conveyance arm 
which conveys a wafer among the first polish 
part 401 from a pre-process. 
Moreover, between the first polish part 401 and 
the second polish part 402, the first inversion 
apparatus 406 which has the mechanism that 
the front and back surface of a wafer is 
reversed sticks. 

The : wafer by which surface polish was 
performed is reversed. 

A back-side can be polished at the following 
step. 

The second inversion apparatus 407 which has 
the mechanism that the front and back surface 
of a wafer is reversed is similarly provided 
between the second polish part 402 and the 
third polish part 403. 

Wafer surface side can be polished now in 
the third polish part 403. 



m 11 te*5ivt,408 f4f£2»£ 
!3M403t*f 

404 H&i£-f 5 0 Sfc, 409 It 
I3M7-AT\ $4 0F£g$|! 

404 -eft ± \mm ztitct*- 

H 12 tt, US 1 »401 © 



In the device with which only the surface was 
polished conventionally, the inversion 
mechanism of such a wafer was unnecessary. 

However, it is important to polish in the order 
of the step of a surface polish -> back-side 
polish -> surface polishing at least in this 
invention, and such a mechanism is needed. 

In addition, in Fig. 11, 408 is a second 
conveyance arm and conveys the wafer 
polished in the third polish part 403 to the 4th 
polish part 404. 

Moreover, 409 is a third conveyance arm and 
conveys the wafer finished and polished in the 
4th polish part 404 to the following process. 

Fig. 12 is an outline side-face explanatory 
drawing of the first polish part 401 . 

In said figure, 410 is a base. 

The fixed board 41 1 is arranged on the upper 
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face. 

This fixed board 411 is rotate-drived by the 
drive shaft (not shown). 

The abrasive cloth 412 is stuck on the upper 
face of a fixed board 411. 

A slurry 414 is supplied from the slurry supply 
apparatus 413 on this abrasive cloth 412. A 
polishing is performed. 

The polish head 415 is suspended elevatably 
and rotatably vertically. 

Where a wafer is held, it slidably contacts to 
an abrasive cloth 412 by arbitrary polish 
pressures. It polishes. 

Each polish part is good also at the polish 
device of a batch type which is packed several 
sheets and processed. However, from the wafer 
diameter being the large diameter, and ease 
of handling, it is preferable to use the polish 
device which has the polish head 415 of single 
wafer processing processed 1 sheet per sheet. 

The polish head 415 at this time may be 
mono axis or a multiple axis (the so-called 
multi-axis paper-leaf system). 

In- addition, the' above-mentioned 
fundamental constitution of the first polish part 
401 is common also in the second polish part 
402, 'the third polish part 403, and the 4th polish 
part 404 except the point that the concrete 
constitution of the polish head 415 which 
performs the following differs. 

Individual explanation about each polish parts 
402-404 is omitted. 

The polish head (246 of Fig. 17) of the wax 
free system which was shown in Fig. 17 as a 
polish head 415 of the first polish part 401 
shown in Fig. 12 is used. 
In the second polish part 402, the polish head 
(166; of Fig. 16) which has the grinder style of 
the vacuum-suction system which was shown in 
Fig. 16 as a polish head is used. It absorbs to a 
flat wafer holding board (152 of Fig. 6). 

It makes a forcedly flat state and a back side 
is polished. 

In the third polish part 403 and the 4th polish 
part 404, the polish head (246 of Fig. 17) of the 
wax free system which was shown in Fig. 17 as 
a polish head is used. 
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As for the polishing of surface side, it is 
preferable to polish on the polish conditions that 
a fine polishing is made gradually as a polishing 
progresses. 

What is sufficient is just to implement it on the 
polish conditions which were mentioned above 
particularly about each step. 

Then, an effect of the polish device 400 of this 
invention is demonstrated. 

First, the wafer which it etched is conveyed 
among the first polish part 401 by the first 
conveyance arm 405. 

The first polish part 401 has comprised the 
polish head (246 of Fig. 17) of the wax free 
system which was shown in Fig. 17 as a polish 
head 415. 

In order to polish the surface (surface) which 
forms a device, a wafer back-side is held. 

After that, the polish head 415 is made to 
descend. 

It polishes on arbitrary polish conditions 
(primary polish conditions). 

The polished wafer reverses front and back of 
a wafer by the first inversion apparatus 406. 

It does not limit particularly by being attached 
to the inversion function in this wafer inversion 
apparatus 406. 

However, what is sufficient is just to be 
reversed with the rotation by the robot arm etc. 



(Dm, % 2 mm% 402 tm&z 
x\>*zm 16 ic^Lfcj; otm 

K (H 16 <D 166) 



After that, the wafer with which this reversed 
wafer back-side was used as the upper face is 
conveyed by the second polish part 402. The 
wafer surface is held on the polish head (166 of 
Fig. 16) which was shown in Fig. 16 used as a 
polish head. 

It considers as the state where it made the 
forcedly flat state. 
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After that, a polish head is made to descend. 

The back side of a wafer is ground on 
arbitrary polish conditions (back-side polish 
conditions). 

Front and back of a wafer is again reversed 
by the second inversion apparatus 407 which 
has the inversion function as the first inversion 
apparatus 406 that the polished wafer is similar. 
After that, the wafer with which it was reversed 
again and the wafer surface was used as the 
upper face is conveyed by the third polish part 
403. A wafer back-side is held on the polish 
head which was shown in Fig. 17. 

After that, a polish head is made to descend. 

The secondaryjolishing of the surface side 
of a wafer is performed on arbitrary polish 
conditions (secondary_polishing conditions). 
Subsequently, this wafer by which the 
secondary_polishing was performed is 
conveyed by the second conveyance arm 408 
at the 4th polish part 404. A wafer back-side is 
held on the polish head (246 of Fig. 17) which 
was shown in Fig. 17. 

After that, a polish head is made to descend. 

Surface side of a wafer is finished and 
polished on arbitrary polish conditions (finishing 
polish conditions). 

A wafer is conveyed by the third conveyance 
arm 409 after this finishing polish. It is sent to 
the cleaning process of the following process. 



m 11 i^Ltcmmmmv 



The wafer surface and a back-side are polished 
in the above procedures. A highly flat wafer can 
be obtained. 

The example which has arranged 4 sets of 
polish devices integrally, and constituted the 
polish device of this invention from the 
embodiment shown in Fig. 11 was shown. 

However, 3 sets of polish devices can be 
arranged integrally, and the polish device of this 
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invention can also be constituted. 

Fig. 13 is an outline plane explanatory 
drawing showing the other embodiment of the 
polish device of this invention which has 
arranged 3 sets of polish devices integrally, and 
constituted them. 

In Fig. 13, the polish device 500 of this invention 
arranges continuously the polish device of 3 
sets of different forms. 

The frontJsingle-side)_primary_polishing 
part (first polish part) 502, the backjsingle- 
side)_polishing part (second polish part) 503, 
and the surface secondary finishing polish part 
(third polish part) 504 were respectively 
constituted. 

In addition, 501 is a loader part. It has first 
delivery stage 501a and the first conveyance 
arm 506. 

505 is a un-loader part. It has 5th delivery 
stage 505a. 

The first polish part 502 has the first and 
second polish stages 507 and 508, the first 
positioning stage 509, and second, the third 
conveyance arms 510 and 511 and the second 
delivery stage 512. 

Thfe first and second polish stages 507 and 
508 have respectively comprised the first and 
second polish heads 507a and 508a and the 
first and second grinder loaders 507b and 508b. 
It has that the second polish part 503 is third 
and the 4th polish stages 513 and 514 and the 
second positioning stage 515, and 4th, the 5th 
conveyance arms 516 and 517 and the third 
delivery stage 518. 

Furthermore it has the first cleaning unit 519. 

In addition, the 4th conveyance arm 516 is 
effected as a first inversion apparatus. 

That the 4th polish stages 513 and 514 are 
respectively third third, the 4th polish heads 
513a and 514a, and third and the 4th grinder 
loaders 513b and 514b are comprised. 
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that the third polish part 504 has 5th and the 6th 
polish stages 520 and 521, the third positioning 
stage 522, the 6th and 7 the conveyance arms 
523 and 524, and the 4th delivery stage 525. 

Furthermore it has the second cleaning unit 
526. 

In addition, the 6th conveyance arm 523 is 
effected as a second inversion apparatus. 

That the 6th polish stages 520 and 521 are 
respectively 5th 5th, the 6th polish heads 520a 
and 521a, and 5th and the 6th grinder loaders 
520b and 521b are comprised. 

In addition, in the example of Fig. 13, among 
the 5th and 6th polish stages 520 and 521 of the 
third polish part 504 which have 2 sets, the 
object for surface secondary_jx>lishing and the 
6th polish stage 521 are finished, and the 5th 
polish stage 520 is performed to polish, and is 
used. 

The constitution of an above demonstrates 
the effect. 

First, the wafer polished is supplied from the 
loader part 501. 

A wafer is conveyed on the first positioning 
stage 509 from first delivery stage 501a by the 
first conveyance arm 506. 
It positions. 

The conveyance set of the wafer is performed 
by the second conveyance arm 510 at the first 
and second grinder loaders 507b and 508b. 
Subsequently, a wafer is conveyed to the 
underface side of the first and second polish 
heads 507a and 508a of the first polish part 
(primary surface polish part) 502 with the first 
and second grinder loaders 507b and 508b. 

A wafer is held by the first and second polish 
heads 507a and 508a. 

After that, the first and second grinder loaders 
507b and 508b return to a normal position. 

The wafer held at the first and second polish 
heads 507a and 508a is slidably contacted and 
polished on an abrasive cloth. 
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ln;the example of Fig. 13, in order to improve 
operation effectiveness, there are 2 sets of the 
first and second polish stages 507 and 508. 

A wafer is supplied and polished by each. 

Then the polished wafer is again conveyed 
out of a grinder with the first and second grinder 
loaders 507b and 508b. It is sent to the second 
delivery stage 512 by the second conveyance 
arm 510. 

Next, the wafer polished this primary surface 
is conveyed by the first cleaning unit 519 of the 
second polish part 503 by the third conveyance 
arm 511. It cleans. 

This cleaning unit 519 is cleaning of the dip - 
type of SC1 liquid (ammonia, a hydrogen 
peroxide, washing liquid of a water-base), for 
example. It is preferable to use as the cleaning 
unit processed with a rinse liquid ->SC1 liquid - 
> rinse liquid -> rinse liquid. 
A wafer is reversed by the 4th conveyance arm 
(first' 1 inversion apparatus) 516 after this 
washing. 

It positions by conveying a wafer on the 
second positioning stage 515. 

The wafer which it positioned is conveyed by 
the 4th conveyance arm 516 to the third and 4th 
grinder loaders 513b and 514b. 
After that, a wafer is conveyed to the underface 
side of the polish heads 513a and 514a of the 
second polish part (back-side polish part) 503 
with third and the 4th grinder loaders 513b and 
514b. 

Where a wafer is held at the polish heads 
513a and 514a, the back-side is polished. 

In the example of Fig. 13, in order to improve 
operation effectiveness, there are 2 sets of the 
third and 4th polish stages 513 and 514. 

A wafer is supplied and polished by each. 

Then the polished wafer is conveyed out of a 
grinder with third and the 4th grinder loaders 
513b and 514b. It is sent to the third delivery 
stage 518 by the 4th conveyance arm 516. 
This wafer in which back-side polish was 
performed is conveyed by the 2nd cleaning unit 
526 (the constitution as the first cleaning unit 
519 with the same cleaning conditions etc.) of 
the third polish part 504 by the 5th conveyance 
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arm 517. 
It cleans. 

The cleaning back and 6th conveyance arm 
(second inversion apparatus) A wafer is 
reversed by 523. 

It positions by conveying a wafer on the third 
positioning stage 522. 

The wafer which it positioned is conveyed by 
5th [ at the 6th conveyance arm 523 ], and the 
6th grinder loaders 520b and 521 b. 

After that, it sends to the 5th polish stage 
(surface secondary_polishing stage) 520 of the 
third "polish part (surface secondary_polishing * 
finishing polish part) 504 with 5th and the 6th 
grinder loaders 520b and 521b. The 
secondary_polishing of the surface of a wafer is 
performed. 

The wafer by which the surface 
secondary_polishing was performed is 
conveyed by 5th grinder loader 520b out of a 
grinder. After positioning by the 6th conveyance 
arm 523 on the third positioning stage 522, it is 
again conveyed to 6th grinder loader 521b by 
the 6th conveyance arm 523. 
Subsequently, by 6th grinder loader 52lb, a 
wafer is conveyed on the finishing polish stage 
(6th polish stage) 521 of the third polish part 
504.' 

A finishing sanding is performed. 
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Then the wafer finished and polished is 
conveyed by 6th grinder loader 521b out of a 
grinder. It is sent to the 4th delivery stage 525 
by the 6th conveyance arm 523. 

This wafer by which finishing polish was 
performed is conveyed by 5th delivery stage 
505a of the un-loader part 505 by the 7th 
conveyance arm 524. Finally, it is sent to the 
following process (cleaning process). 



[Example] 

An Example is mentioned to below and this 
invention is demonstrated to it still concretely. 

However, these Examples twist that it should 
not be interpreted in limitation until it says. 



[Example 1] 

The polishing in a method of this invention was 
performed about the 8 inch wafer which is 
subjected to general process, slice, chamfer, 
and lapp and etch. 

The polish step in a method of this invention, 
as shown in the Figure 7, it was implemented in 
the order of double-sided (simultaneous) 
polish (primary surface) step [Figure 7 (a)] -> 
Single side polish (back-side) step [Figure 7 (b), 
(c), (d)] -> single side secondary_polishing (the 
front secondary) step c Figure 7 (e) (f)]-> the 
piece surfacing polish (surface tertiary) step [a 
Figure 7 (g)]. 

0^(1) both sides (simultaneous) primary polish 
step] 

As, a double-sided polish device, AC2000 
(made in Peter-Wolters company) was used. 

Polish conditions are as follows. 
Polish load :300 g /cm2 (30kPa) 
Abrasive-cloth: SUBA600 (Rodel company 
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brand name) (Asker-C hardness 78) 

Abrasive: HP-20 (Fujimi incorporated company 

brand name) (pH=10.5) 



mm : 5L/min 
WmiX : ^S8Mm 
m) -eiiLfc. 



Amount-of-supply: 5L/min 
(fSfiS 16 /i Margin-for-polishing: 8 micro-m of single side 
(16 micro-m of both sides) It polished by the 
above. 



[(2) Km (mm) wmxTy 
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[(2) single side (back-side) polish step] 

As a polish device, FSP-200 (made in the 
Nachi-Fujikoshi, Corp. machinist business 
company) was used. 

Polish conditions are as follows. 

For a wafer holding board, that which 
performed the coating film of the epoxy resin to 
highly flat SiC ceramics was used. 
Polish load :300 g /cm2 (30kPa) 
Abrasive-cloth: SUBA600 (Rodel company 
brand name) (Asker-C hardness 78) 
Abrasive :AJ-1325 (Nissan-Chemical company 
brand name) (pH=10.5) 



Amount-of-supply :10L/min 
Margin-for-polishing :5 micro-m. 



[ o) *® mm) 2 7mm* 

TyZ?\ 

iigliLt FSP-200 

^i&t$<Dtcbb(Ds< y y 
tz 0 
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[(3) 'one side (surface) secondary polish 
step] 

FSP-200 (made in the Nachi-Fujikoshi, Corp. 
machinist business company) is used as a 
polish device. Polish conditions are as follows. 

The backing pad for a wafer retaining used 
the urethane foam pad. 
Polish load :200 g /cm2 (20kPa) 
Abrasive-cloth: PU pad (Rodel company brand 
name) (Asker-C hardness 80) 
Abrasive: SSS (Nissan-Chemical company 
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[(4) tt±immx^yy 
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Amount-of-supply :10L/min 
Margin-for-polishing :1 micro-m grade. 

[(4) finishing polish step ] 

FSP-200 (made in the Nachi-Fujikoshi, Corp. 
machinist business company) is used as a 
polish device. Polish conditions are as follows. 
Polish load :150 g /cm2 (15kPa) 
Abrasive-cloth: FS-7 (first lathe company brand 
name) 

Abrasive: Fujimi 3900 (Fukimi Incorporated 
company brand name) 



: 500mL/min 

ffimft : 0. 1 Li m UT a 

>f-*G-rz>m£mfe& (ade 

f±$^9700E+ Station) X'MfeL 
¥-m& (SFQRmax) (±0. 071 

ff^^rl 5 MtjH- 0 Jlffl 2mm 
Srl&^U ^EJ;^ 2mm ©fir 
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Amount-of-supply :500 mL/min 
Below margin-for-polishing :0.1 micro-m 
Evaluation about the flatness and nano 

topology was performed about the wafer which 

performed each above-mentioned polish 

process. 

The map in which the flatness of the wafer 
after polishing to Fig. 2 is shown is shown. 

This was measured by the thickness tester 
(ADE company 9700E+Station) which has the 
sensor of a capacitance-type. 

The flatness (SFQRmax) of this wafer was 
very as favorable as 0.071 micro-m. 

Moreover, the cross-sectional shape of a 
wafer periphery part is shown in Fig. 5. 
2 mm of peripheries is ruled out. 

The 2 mm position from the end face, was 
made into the reference (zero), and it was 
shown. 

A - periphery drip is also improved. An 
inflection point is not seen, either but it finds that 
it is favorable. 

Furthermore the form which is shown in Fig. 6 
evaluated nano topology also. 
This divides a wafer in several area (region of 2 
mm square), and confirms roughness in each of 
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that area. 

The occupation rate that what % of a wafer 
the area with the value (PV value) of the 
roughness occupies was accumulated from the 
one where value is bigger. 

ADE company WIS CR83-SQM evaluated 
nano topology. 



When seeing the diagrammatic chart of 
Example 1, the area whose PV value is 18.0 nm 
is abbreviation 0. 

In the case of the nano topology seen on 2 
mm 'square, it is shown that the roughness 
beyond this does not exist in plane. 

In other words, the height (area which shows 
the biggest PV value) of the roughness, from 
which an occupation rate becomes 0% in nano 
topology evaluation is important. 

In this Example, it is 18.0 nm. It is very small 
value. 

It finds that it is the wafer surface (favorable 
wafer surface of nano topology) where 
roughness is few. 



[Comparative Example 1] 

About the similar wafer as Example 1, polishing 
shown in Fig. 8, namely, double-sided polish 
(primary surface) step [the edge rounding E of 
the figure 8 (a) wafer is big.]-> the single side 
secohdary_polishing (the front secondary) step 
[the edge rounding E of Fig. 8 (e) and (f) wafer 
becomes big. If flatness is not much good, there 
is nothing. (It may become an inflection point if 
a retainer ring etc. is used)]-> 

Piece surfacing polish (surface tertiary) step 
[Flatness of the edge part of the [figure 8 (g) 
wafer is seldom improved] 
was performed. 

Except the single side (back-side) polish 
conditions, all the others of an above were 
polished on the same conditions as Example 1. 
Wholly, it polished on the same conditions as 
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Example 1. 

Flatness (SFQRmax) was 0.126 micro-m 
grades in the stage (stage of a primary 
polishing) which completed [Fig. 8 (a) Fig.] 
Double-sided polish. 

It is of the same grade also after the 
secondary_polishing, and shape can hardly be 
corrected at a secondary_polishing step. 

The edge_rounding is generated a little 
rather. 

The shape of a wafer where it passed through 
such a polish step is shown in Fig. 3. 

Thus a contour-line is close with a wafer edge 
It foinds out that the shape rounded. 

Moreover, it finds that there is a rapid shape 
change from near 6 mm by thickness change of 
a wafer edge also from Fig. 5. 

In other words, flatness (especially flatness of 
a wafer periphery) is not become better in such 
a polishing. It is a problem. 

Nano topology was shown in Figure 6. 

However, as shown in the diagrammatic chart 
of Comparative Example 1 of said figure, the 
height of the roughness from which an 
occupation rate becomes 0% was the wafer 
surface (bad wafer surface of nano topology) 
where 30-40 nm and comparatively big 
roughness remained. 



[Comparative Example 2] 

About the similar wafer as Example 1, polishing 
shown in Fig. 9 was implemented in the order of 
namely, a double-sided polish (primary surface) 
step [the edge rounding E of the figure 9 (a) 
wafer is big. ]-> single side polish (the front 
secondary) step [The absorbed state of the 
figure 9 (b) wafer (before polish), the absorbed 
state; of a Fig. 9 (c) wafer (polish back), After 
adsorption releasing (although the flatness of a 
wafer becomes good, adsorption traces D and 
inflection-point M may appear in surface A) of a 
Fig. 9 (d) wafer. ]-> single side 



02/06/06 



41/46 



(C) DERWENT 



WO02/35593 



^ftm2 7mm mm 3 90 * 

v-y? (1219 (e) ^^-^(D^ 

±»fw« mm 4»c) 
cm 9 (g) ^ffi a taeft^ m 

iSWLfco 1 ©RE 

il^f >y y<b IS] Cfitft 



THOMSON 

_^L__ 



T\ HJfe«1 £fi$w® (M) 
W-mmt SFQRmax "C\ 0. 

110 /zm Micefen^ftfcas, 

/ F^py- 0%£ 
ft5mfl©S&£) t>25nmS£ 

ttl2I4 WJ: 5t?<feofc 0 S5iC 
Tj^T J: 5 *Jlli2Z 6mm f+ifi-?£ 

0] 2 i:o^T¥iM (SFQR) 

©x— ^£^t 1 K*1~ 0 

/Nffi fKtfD&lzfr&iD SFQR fin 
ffitfJXtfJfctfcW 1 SI/2 H 

(^itefify«5^3ds^^p^.v^3as) o. 

04 Mm tffcSiS, maxfj#£it-< 



DEKWEMT 

secondary_polishing (surface tertiary) step 
[Front A of the figure 9 (e) wafer is polished 
(state which maintained shape). Figure 9(f)]-> 
singfre -side fining polishing (4th front ) Step [It 
becomes the wafer which has inflection-point M 
and adsorption traces D in [figure 9(g) surface 
A. The flatness and the nano topology of a 
surface reference become bad]. 

In other words, in this Comparative Example, 
the wafer surface was polished instead of the 
back-side polish step of Example 1 . 

The reference plane was produced in reverse 
surface (front) to Example 1) on the same polish 
conditions as the back-side polish step of 
Example 1. 

Others are the same as that of Example 1 . 

Flatness has been improved by about 0.110 
micro-m at the SFQRmax. 

However, it was not sufficient. 

Moreover an observation of a mirror-finished 
surfafce also sees the case as which the marks 
of a ^adsorption hole are regarded in a polish 
surface. Nano topology (height of the 
roughness from which an occupation rate 
becomes 0%) was also about 25 nm. 

moreover, the shape (map) of a wafer was as 
seen in Figure 4. 

Near peripheries 6 mm which is shown in Fig. 
5, the shape like an inflection point might be 
shown. 

Although flatness is improved, in other words, 
it was sufficient for improvement of nano 
topology, and was understood that there is not. 

The data of flatness (SFQR) are shown in 
Table 1 about Example 1, Comparative 
Example 1, and Comparative Example 2. 

An* Example and Comparative Example 1 and 
2 of SFQR for every cell within a wafer surface 
are Q- 04 micro-m (although some is good as for 
the direction of an Example). 

However, if max value is compared, the 
Example is becoming better. 

In addition, the size of 25 mm * 25 mm (25 
mm square) evaluated the size of a cell. 
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Moreover, variation (sigma) in each cell is also 
improved. 

It finds that the wafer without an inflection 
point etc. can be manufactured. 

As for Comparative Example, when 3 mm 
exception evaluates, and 2 mm exception 
evaluates, aggravation of a numerical value is 
big compared with an Example. 

This shows that the edge rounding happens 
when it going to a periphery by Comparative 
Example. 



[Table 1] 
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max 
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max 




0.037 


0.010 


0.071 


0.039 


0.012 


0. 092 


tt& m i 


0.044 


0.024 


0. 131 


0. 048 


0.030 


0. 155 




0.037 


0.013 


0. 110 


0-043 


0.023 


0. 118 



m 1 Kfcivr, 3mm tfiftk 

frb 3mm iiMLftV^<t£ 
till Lfc«rc&£ 0 2mm Rfc* 
^ 2mm ttMLfc 

SFQRmax fl&< Tt 0. 10- 
0. 15 Aim SOr-^fi/TLT 
i^&V^ SBIRmax "C 0. 3//m 



In Table 1, 3 mm exception implies not 
evaluating 3 mm from the end section (wafer 
edge) of a wafer, when evaluating flatness. 

It is the value evaluated in the area inside 
this. - 

2 mm exception is not evaluated 2 mm from 
the end section (wafer edge) of a wafer. 

By the method like Comparative Example, 
SFQRmax is good. However, although 0.10 - 
0.15 micro-m, and data are not shown, they are 
improvable only to 0.3 micro-m at SBIRmax. 

However, the back-side polishing like this 
Example is added. SFQRmax 0.10 or less and 
the SBIRmax0.3 micro-m or less can be 
manufactured stably. 

Moreover the favorable wafer of nano 
topology can manufacture easily. 
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[Example 2] 

About the similar wafer as Example 1, the 
template was used instead of the polishing of 
double-sided polish (primary surface). It 
polished by the wax free system. It polished like 
Example 1 except the above. 

Namely, the polishing of a wafer was 
performed in the order of frontjsingle- 
side)_primary_polishing step by the surface 
reference polish system -> Back_(single- 
side)_polishing step -> Frontjsingle- 
side)_secondary_polishing step -> Surface 
(single side) finishing polish step. 

As a polish device, the device to which the 
front_(single-side)_primary_polishing by the 
surface reference polish system, back-side 
polish, the surface secondary_polishing, and a 
finishing polishing are made continuously was 
used: 

3 sets (three polish part) of the polish devices 
which were specifically shown in Fig. 13 are 
arranged integrally. 

The polish device which respectively provided 
2 sets of polish stages was used for each polish 
part.' 

In each cleaning unit, it is cleaning of the dip 
-type of SC1 liquid (washing liquid of ammonia, 
a hydrogen peroxide, and hydrogen). The 
cleaning system processed with a rinse liquid - 
>SC1 liquid -> rinse liquid -> rinse liquid was 
adopted. 

As, for the polish conditions of each polish 
part, the polish conditions of the front_(single- 
side)_primary_polishing step by the surface 
reference polish system and allowance for 
machining of a back-side polishing were made 
into 8 micro-m. It is carrying out by the similar 
polish load as Example 1, the abrasive cloth, 
the abrasive, the abrasive amount of supply, 
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and the margin for polishing except the above. 

The front_(single-side)_primary_polishing by 
the surface reference polish system is wax free 
polish of the template system using the 
urethane foam pad as a backing pad because 
of a wafer retaining. 

Polish conditions are as follows. 



Polish load :300 g /cm2 (30kPa) 
Abrasive cloth SUBA600 (Rodel company 
brand name) (Asker-C hardness 78) 
Abrasive: HP-20 (pH=10.5) (Fujimi incorporated 
company brand name) 
Amount-of-supply: 5L/min 
Margin-for-polishing :10 micro-m. 



It polished using such a polish device and polish 
conditions. 

As a result, the flatness (SFQRmax;2 mm 
exception) of a wafer was 0.1 0 micro-m. 

Moreover the height of the roughness from 
which an occupation rate becomes 0% by nano 
topology evaluation was 20 nm. It was 
favorable. 

SBIRmax was also as favorable as 0.14 
micro-m. 

[Availability for Industry] 

As mentioned above, according to this 
invention, the rounding of the wafer edge which 
was the most difficult is controllable by the 
polish technology. Particularly, flatness which 
included less than edge 2 mm particularly the 
wafer without the inflection point of flatness 
inside 3 mm of peripheries., the wafer which 
improved the nano topology required 
particularly in recent years, that is, the favorable 
wafer of flatness and nano topology can be 
manufactured. 
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20 ©Pllfi 1 0 8 B £ MffilHB# ( 1 ft) MM 10 7a 

KiJfK (Sffi) Ifl^fyy 1 0 7 b &fr 5^{-fc5 0 ll&ifeLfcr £ < 

±IBM®(^0f ( 1 ft) W^xs/i/l 0 7a Srtr? fi> HIl 5 \z X 
25 oTgEfct&IH Lfcfc 5 ^-jKW^^^fr^^-^^^RPiffiSrllli^ fcW 
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1 3 

, H16 l^tJ: 5 ftSg&fflvS - 3, HI 1 6 dfci^T, 

1 5 0 (DWMft V ^-^&mm. 1 5 2 ft -^(fcJSffi 1 5 4 

5 #$C©££!ft#ffltf>jriI7L 1 5 6 &fco ft S i C^(D^W<7) 

v^-^%nm*w- 1 5 8 & ^tltv^ 0 

wtUbOjtilTL 15 6 tt^df-a — ixK 16 0 ^b^E^oHSSil^ 
ofttf* 9 N I^©%4Ij:J:oT^x-a^^b 154 ic C =c-^w*!ft 

3jf {£$f 1~ 5 <fc 9i:^oTV^„ MiC * 1 5 8 <D $ zr. - 

10 /n«»B51 5 4 &JtiI?L£#L;/c#MjIIl 6 2-CflLTt>^V\ 

^ It, ^x-^W©Ii(Cit-Ctt, ilffi^-Aftjfll 5 2 

<dv 154 «t o pawNW&ifcftu late 

$4 1 6 4 i^foffi^? Kl 6 6 fcS* Lt, WM^y Kl 6 etiU 

15 «F*#K:**-^w«rjf Lfttt*. 

fc*3, l 6 8I4/^=l-AK1 6 0 ttK^^fc^MKT?, 9* 
-/n^II 1 1 5 2 ©rtflJ-CfrofraiwN'ftftttfcfle i 5 8 ©±J6rfcfla;w 
b^fciPiE^^ 1 7 0(C^^^il&t5ri(aoT^i»^(D#ft^ 
Si 7 2(act^-/«l 5 2te£ttT^£fc:£#$*lfc*3:- 

20 ^{fc 1 5 8 &T#fcft» fft, * * -^W&*0^<0 tioii 

* KlMB^M -CJf Ltt ft 5 £ i # -C * 5 . 

i©W*3W*s i>iwNWtSff*olllIk:M*ti5 - £ \z. X. D * * - ^ 
##F»£;h,5o wOJ: 5 ftW^SrAftS - t K «fc 19 SVi £ ttir £. £ tf* 
25 t*t 5» 

r. offioft, K3|f Lfc^illT?$'*-^W:¥aT?«)5aS!ft3||f«r*l»i- 
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1 4 

10 ft 5 ft#ftf*aff©&:R#W»l*fc5l:b;h,T L* 5 

15 ttor, *38M*j5feH:*j»t«>T-BB (*B5) 2Wl^f^l07c 

Hj*bfc**i3F«1-S t>©"T*)5o - ©B#, WM©E££&T*#-C 
5Mj£-?7 0~9 0 g£fciIflf©WaMlij «fc 9«»tR]tt50#ff* LV^ 
20 „ 

^© 2ft»g^r yT* 1 0 7c 2 /i m^T, 2 

l^f^l 0 7 c&tftfciffSFg-XT 1 s/:/l 0 7 d 1 ~ 1 . 5 

M mSltttS - £ /5 s *? * LV*„ CI© i 5 &$F»ft-Cfc*ltf, Z(Dffim 

25 0 

**5, 2 ^wjs^x i o 7 ctyft-u ^ymzm^tcwm 
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1 5 

tb-^i-V^ ^oTs 2^f|^7 5'/l 0 7 c •Z&J&ftO&lEttLfeb k> 

5 ^f^l07b) ©^ft»»Ufc**9F»i-5©*!#* UVN. 

{tiTO^*^ ^1 0 7d(t 114 K: ioTgEfct&PJ Lfct 5 ft 

15 = — ^fl-BUB, ttmiiS^b 2 ~ 2 0 ramble 0 . 0 2 m m <D Ofl 

(;iib©i^ cm®) mmzn? m7 u> ) . 

WJSAPfi : 2.00~6 0 0 g/cm ! (20~60kPa) 
25 WiM : * a^^-r 7 s (T*#-C*Il£-e 6 0 ~ 8 0^^) 
57F£g£>J : a P-T ^/Vv/ y XiSti (pH=10~ll) 
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16 

: 4 ~ 6 L/m i n 
mmtt : ffiffiT? 5 m m~ 2 0m m||, L < tepf ® 1 6 M m^I^o 

5 <5 S R I S 0 1 0 1 Cfcifi^fc 5o 

iOMilllgt© ^WNWtelH 7 (a) t*tJ;5l; y x — 

^©^x-^WOHiBW* (S*iBtfMK) £fif5 [0 7 (b) 
( c ) (d) ] „ :oliffii8ttt, »IgI©™^x-A|* 

10 #jftf± s HI 1 2 iC^ LfcWlt^ft 150'C±5 ft 1 } — 154 
^#|6:©*^P^*fflom®7L 1 5 6HoS i C®itf>^ff(D<&3« 1 5 
2 Srffi £ =c— /N(ftJ$ffi 152 <D{£#® 154 {C^^^r VfcHWO 

mm&mi 6 2 SrJgj$Lfcfc©$rteJS b/c 0 

ro^i-^^f 1 5 2 (Uot[)x-/NW^Pl#t5 £ % K#L 

15 «>3i«-/>iBAS3pfflt & d > @7 (b) -e 

O^VEtefgil (EX 2) £tb5o 

ftFigAnji : 2 0 0~ 6 0 0 g/cm ! (20~60kPa) 
Wmiti : ^®M9>C7 6 0- 8 OtS) 

9F»*J : = o-T yjlsi/)) ( p H = 1 0~ 1 1 ) 

25 tt^* : 5 ~ 1 5 L/m i n 

ffl&.tt : 3 ju m~ 8 n mit, & * t < fit 5 ju mHl£ 0 
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1 7 

, »#$nfc3R*BT?W:¥tt^ifeS#!ft#4r#|»1-6^ % 0 7 ( d ) 
tfei5l^ 1 1 (OffiKMh 0 k-fZo t.±s S7 (d) ^ ^ L fc £ 5 

®Att 1 ftWIf LfcBSfcJt^Ts < fcoTV^ tOO, ID 

^LOj:^^x-/NWlr2^ (3SES) CID7 (e) (f) ] 

c z<Dwmftft5km^b}ix^z>mmRxfjji&$:m^z> -bo-? htm, 

^fcPfi^Sn^V^dS, 0 17 fc* Lfc J; 5 jx^-^^/"«y K2 5 0H 
£5 fra-^ftpfc, M2»Iittfflt5fitJ: •? H «>© Iff 
3#FIt§£g 2 4 0 «r/8^T$F£"f-5 £ £ Lv>„ 

Jjfffcj&Pfi : 10O~300g/cm 2 (lO~30kPa) 

^*-CSHf7 0~9 0S|) 

WMJ : aa^^ y ( p H= l 0 ~ l 1 ) 

ft&ft : 1 0 L/m i n fit± 

*y^yK2 5 0 (1111 7) iJtRWSIl^g^fcJB^S £ fc-C^ffi 

5. /^^y^y K2 5 0 (0 17) (4, ^ u^^JSIS^y K*»6>* 
D J?^{± 3 0 0 Mm£tT^4Uv\ * fc WJg* <Z>M fi 7* * # - C & 
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1 8 



mx*7 o~9 oa*#flp*uv\ 

tots, QM'M^f - -yzf-?tii% £ ti&fflBft Cov^Tt', 
3 t>©T?ttftV»j&K i^fj/^tffiV^btiSli* (WBi'* 

5 fetbSo 

3 # y * yrtfc*i&Ji*rj** Stf, *®£Mi 

Srlifc*L*J&JiK:Wntt«rR»*fct>© ( £ © if y 7°Ji t T% 

15 ^* = */n&9F*fc#ffi*tb, y*-$*©fti^ffij&s#fcsh,a. 

$FMt>&6 0 CittfeoflF*****^^ y7"T?*aft fc^SriiM^tf 
2^SF^<Z)^Tbfc^^-/NW{c^LTtt±(f«ff®^fT5 CHI7 (g 
mz&W&fe&ti-? > ttiffWS^^y ^oWMf*#t LTttJJt©*# 

25 ^fg^Pm : 100~200g/cm 2 (lO~20kPa) 

war* : K*^ 
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1 9 

WBffl : =» n << ? >^*s y * "a ^ ( p H = 1 0 ~ 1 1) 

: 0 . 5 ~ 1 L/m i n 
$flgft:0. 1 u m^TOW*^tfftVN. 

M7 (a) ~ (g) fn^bfc «k 5 fcflF**^ s'T'&feTWaSiixfc* 

m i fc*Lfc*»w*jsfe©» i ommomrnx'tes -ftwmt \^xm 

-hT\ (a) tt^*-^©»atxeXtJ« (b) s> ^;J''X^§^:: 

:fcMt6¥llS£^1- 1 b<7}T';ib3o 

HI 1 0 (a) <D $ x-/N(D||3|iattH 1 8 (a) ^Lfc«<?)? 
15 a-^O&itXS&tfEl 1 (a) £^Lfc«PJ§tf>?a:WN<D§g3iX;g 

m 3 0 7 #fE3fc©# ]} y*sl/ tfJLU 10 8 RtFH 1 ( a ) 

##§il#ifc©# 2 ©3fe*©»ffifc*»t 5#y j/^y^ig3 o 7«0 
20 io (b ) izmztiz r t < % ^mmmmmif^ci. z>%m (it©) 1 

Ifeifl^f ^3 0 7 a (itffi) 0 7 b ( 

tfffi) 2W|7fS'7"3 0 7 c-*$ffi OTffi) ftilfi^f^3 

o 7 d^e>«**n«. s®£Mfg#*u:: «t a*® (jt®) iMi 

* -r y ~7 3 0 7 a Hi, ^ydf-v^7-f^ASrftofcVN*?v§>S7 1 ^'^ , v 
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2 0 

LKlJiJFW-f Sffia^-efcS. HI 8 (b) fcl^Lfc$3fc<Z5!7 ;/ * * 7 

i)-iSi o 8Ati*5^ii, sisw^iasy^^^? y 

-Ii3 0 7 a O^lCjtffi (Sffi) 3F£ 3 0 7 b &fr3 jftKfcS. Mk& 

±mmmmmmm^^.^ i5W^f 3 0 7 a st^t 5 tu, m 1 

10 5/^3 0 7 c , i±±l l fWm*7- Vf 3 0 7 d te0 1 (b) JC^LfcS® 
fi^ry^l 07 b, 2Wl^f 07 c. tfc-BfWBg^x y 

0 7 d U *fc^OXmttlH^-efe5<7)-TriaBJ^^iU&-r5o 

15 i tm$mWix*hz> 0 ffi%om^&\zo^xwz.it, *^<o%2(n>% 

mmm^^^x 0 7 a m<z> ^ 

— ? ^ — /N^a^^ffi^^ ft, r> ^ — /^ffi^ yf->? 

iSt^xyf y^(ci5^w^4CT|3!), @7 (a) i: ^ ft k: 
20 f£(ltV^. 

xmrnwrnzn? ^%w%&<D%i 1 omm^mm^m^ t (omm&z* 

WBAPS : 200~600g/cm 2 (20~60kPa) 
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TO : ^tt^'f^ (7^*-CSSl?6 0~8 0|g) 

wmn ^p^^^d ^-a^r (ph = i o~i n 
mmnw^^L • 4 ~ 6 L/m i n 

Wlttt : 5 ~ 1 0 m m, U < \Z 8 ju m^ito 

5 i<D?:n-^<DSffi#FiS£ff 5o 0^19, 17 (b) , (c) 

, (d) (ci^-jS-rs^^M^^M^fT^o lWi^r^^^Jiffr 
^ZfU— y^^Ol? y ? 7^7 V ~-mm<DWr&. HI 7 (b) -e^i~^^- 

$F0>toa : 200~600g/cm 2 ( 2 0 ~ 6 0 k P a ) 
Wmtt : TfWlMf'C? (T*#-C&&T?6 0-8 0g£) 
flffg&J : aP'f^ym (pH = 1 0-1 1) 
15 W^^J^^* : 5 -15 L/m i n 

Iff* ft : 5 ~ 1 0 m m, L < (4 8 n mU&o 

v'\ :mI«)^7^ii, mi (b) vit*?&mJj&(D$8 1 <pH 

&-fci$fciEaLfcffi^ttfcSF£3£ttit-5 * LV^ 0ii»4-& 
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2 2 

*s***tt«in:Biiu *ft^ft£® (jtffi) i&wm (iiii 

IfP) 4 0 1,*® (#E) $F£«|S (S& 2SFfS*B) 4 0 2 , 3£® (it®) 

4 0 4 zm&vtih <D-vhz> 0 
m l l K:*5V»T , 4 0 5 lipm-/^ frig l #F8Sg|54 oit 
Mi£-T6fl 1 ^^T-^T'fc5„ Sfc, £ 1 ft ft ft 4 0 1 2 WftfcB' 

10 84 0 6 5&5oV^T*3 9 > ^ffiflfft&ftfc?* — ^SrKlteU frftX'ry 

Bg£|S4 0 3 la^fc **-^©**ifi«:Rte£tf H 2 KIR 

g*4 0 7 flSRrt bftTtfO* W**M 0 3 * a -^*B5fll 

H -e & o # , #3§BJ-Cf2> < fc*Siiffft-»Rffi?ffft-»*iEWft 

fc*5, 0 11 fC&I^T, 4 0 8li»2*3&r — ATf % |g3#Flgg|$4 0 3 

vwm&tLtcv *-^zm4wm$!>4 o 4^&-r5„ 409a 

20 |3«S^7-At\ $4fflftffl4 0 4 T?ft± JPFft £ ftfc >7 = «r* 

0l2li, 31 1 Wm& 4 0 l <D«fliJ®!&i^-?fc<5 0 raBIK:*5V*T 
, 4 1 0 W: 26 <9 , 4 1 1 ^IStt^ftTV^o - 

<Dfem4 1 l ticBfttt (^H^) iciD lEHEKft-f 5 t>OT?*>«. 
25 4 1 1 <D±®U:riWft*J4 1 2 # life ft T 38 9 , i<7>WI§*4 12if 
X? V - ti^if 4 1 3 i?)X7!J-41 4 ^rtt^L-C^0^fif 5 «fc 5 
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5 ^£^<b ltiftfeit^feisoii^y K4 i 5 £^1-5 mm 
srjs^so^&S: r (Dm. mm^-y K4 i 5 n 1 

(v^^§#$iii#:3i;£-5£) tfeoT^v\ ±IB Lfcfg 1 mmu 

4 0 1 Og#lftlllJ&te, H 2 WJiSB 4 0 2 , |g 3 $Figg|5 4 0 3 $g 4 
Wm&4 0 4 Mjo^T^ TIB-TS «fc 9 K4 1 5 O^ftftlt 

10 fctfgteZ>&*^X&mX*h<Q , #$F*|&4 0 2 ~4 0 4 lCOV*T© 

IS B'J W * M tt^ 5 - 

112 t^LfcH 1 WIM4 0 1 (DWm^V K4 1 5HtttHl 7 
\Z.7F\,tc <fc 5 ft 17 y'9 V -^©11^5' K (0170 2 4 6 ) # 
fflV^;h,5„ » 2 9F£g%4 0 2t*lt Wafts' KttTBl6Hl^Lfc 
15 *5 K (0160166) 

&fl§V\ 3f«.3te^a-^fife#?tt (B6C152) fcKtfU & ftj 1$ K ¥ 
ft ft U-CSMiUJ^^F^i-^o 3WJS£[5 4 0 3 4 ??Fltg& 4 

0 4 -ete, if^y K £ itli 7 m^Lfc<fc 5 ft? y ? *7 V — #5*; 

Oflf|A 9 K (Hll 702 4 6) £fflv^3. ^MMoWJgfiW^^iitf 

gv>t N *3SM©WISS1t4 0 0 of^ffl»cov>T!ftW-t5. ft, = 
yT-^fZtltz ^i^H 1 ^^T-i^ 4 0 5 }C i 19 % 1 i^gf 4 0 

1 % 1 8F»*P4 0 1 W\ K415i Ltl 17t 
25 ^Ufci5*Py^^7 !)-**Oflfl^J' K (II 7(7) 2 4 6 ) £ ft 
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2 4 

2M3I5 4 0 2 Wm^y \* b VX hftX^ 1 6 

^bfc <£ o ftmm^y K (B 1 6 © 1 6 6) * a: — ^ffi&{fc# L> 

15 3 «£|5 4 0 3 fC#^£ft, |9 1 7 fcl^Lfc «fc 5 WI^J' Kfc^a — 

&V^\ ^0 2 35cW***bfcl>^-^tt:, H 2 ig^T-i. 4 0 8 (C J: 
0 , I4lfg|54 0 4 EI l 7 K^LfcJ: 5 fcffl*^s> K ( 

20 EI17C0246) fc^a-^3iBBS:ft«?b, *r©& % W*^s> K&ftT 

z<Dtt±ifmmm, tr^'-^tzMam&T-A 409 izx^xmmz 
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2 5 

iHttt*?ssofigt^i^t5i t h~*smx°hz> 0 mi 3 it 3 

§15) 5 0 2 , «® (#ffi) W«£|5 (^2W^$I5) 5 0 3&0^ffi2&f± 
±tfffl£gg|5 (|g3Mg|$) 5 0 4 £*J&Lfct ft*5 % 50 1 

10 ten-^-g&T*, f|lgtt^L*T-v : 501 sMl 5 
06^tfC^5 o 5 0 5 ttTVP-^-flPT?. ^ 5 
5 0 5 a Sr^f LTV>5„ 

m i wmn 5 0 2 », mi su ; i2fi^T-^ 507, 5 0 8 , % 

lft«*fe^x-^5 0 9 , |2S^3M7-A 5 10, 5 115: 
15 tfj&agttilL*? 1 — 1 2 fc^LTV^o Jg 1 ~&.XZ% 2 WBl^X- 
v>5 0 7, 5 0 8 ttLZtlZtim 1 &X$M 2 K 5 0 7 a , 50 8 

aRU'IlXt) i ^2f«o-y- 5 07b, 5 0 8 bSrIfLtV>5 

o 

f|2$F«g|5 5 0 3 14, % 3RX$% AWmXT'-V 5 13, 5 14, $ 
20 2|if*fe^T-^ 5 1 5 , miRXfM 5M7-A 5 1 6 , 5175 
tff? 3glttt^f-^5 1 8?r^L, £ M-fg 1 y h 5 1 9 

^tLT^5, ft*3, fMiS&T-A 5 1 6 tefgl S^^ff t LTf^JB 

l3S(Fl4f|77-^5 13,51 4*4, ZthZft® 3 
J£4 flf*"^ F 5 1 3 a , 514a 3 RXfftS 4 flF0$£ n - ^— 5 

25 13b, 5 1 4 bSrAILT^S. 

& 3flffgg|5 5 0 4tt, ^5X^1611^7-^5 2 0, 5 2 1 , % 
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2 6 

3jS[fft«)^f'-^5 2 2, I6li;i7»i7-A 5 2 3, 5 2 4 & 
tff&4gttSEL*7 i *-^5 2 5 $ t^2i5t^3.= y h 5 2 6 

£*L-Cl^ 0 ft*3* I6t^7-A 5 2 3lil2gfeiliUi:||ffl 
-f-^o !5M!^6i!l^f-^5 2 0 1 5 2 1 tt^tL^ftlg 5^t;i 
5 6f|^*;K5 2 0 a, 5 2 1 a R 5 &tff£ 6 WM^ o - ^- 5 2 
Ob, 521b £*#L-CV>5„ fc*3, H 1 3 <Z)^J-Ctt^ 3 ©flFgfff 5 
04OI5 R.U 5 ^ 6 CO 2 Sfc^Wlg^T- v 5 520, 5 2 1 0HI5 
Ofl^7-^ 5 2 0 £M 2 &#F^ffl, H 6 <Dmmx^-i> 5 2 1 % 

p-^-£B5 01i9M^5, S&lt»i£7*-A 5 0 6ia?)!>x- 
1 SJt*L;*1P — 5 0 1 a^^l{4t^fc^f-^5 0 9 t 
&SSfcfcL % Sg2$&£T-A 5 1 0tIlS{/i2«fiin- 
^ 5 0 7 b, 508 b fc**— ^&fca&-fc y ht5. »1R 
15 Z>*B 2 9F«4ftn 5 o 7 b , 5 0 8 b \Z. X V , [)i-^^Ilffl 
§B (&IB 1 #CflF^§|5) 5 0 2 O|l RVH 2 WS^y K 5 0 7 a , 5 0 
8 a ©TMfcfcS&U Jfc 1X1**2 Waf^y K5 0 7 a, 5 0 8 a £ 
i^x-/N^^t5„ ^©t, |U^2iIIo-^5 0 7 
b , 5 0 8 b SjlffiftlS, $ 1 RtfH 211^^ K 5 0 7 a , 50 

20 8 a KftW£tl1t9 x-^nwmiii±izfg&£tiwm&tiz>o miso 

0ljT?f± % f£g£$j^£&#-f Sfcfcfg 1 Rt;* 2 0 2i©ffl^f-i? 5 
0 7 , 5 0 8 iS*9, Jttb-eiXfcCs-^^ftl&S^WSSHS. 
tffiS*lfc?*-/>l4fllt* 1 & t**2^*«|o-^- 5 0 7 b, 5 
0 8 b iz£VWmmt\*^fflL&£ti. fg2$S£T-A5 1 OKU; 9|g2g: 
25 1 2 KiSbtLS. 
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2 7 

i om2mmu 5 0 3 ®n <Dm&x--v fsi 9M&£ft, sfc^ft 

5 0 - (Dgfc^- y h5 19tt, flilf, SC1S (7^ = 7, j&fgt 

5 z<Dm&&, smur&t-a (iis^t) 5 1 e te.t 0 

&.R1RU «2titft^r-^5 1 5 It Ltt1l»t«)Sr 

iiio-y- 513b, 514b KUftSISftSo *©^, H 3 Rum 
4ll«D-^-5 13b ( 514bfci9, {'i-/>fcjS2 9flS|! ( 
10 XSfflgft) 5 0 3 ©»|^vK5 13a, 5 1 4 a © TSlRiJ KUfci^ b 
, ^i-/Nftil^j/K5 13a, 5 1 4 a ifc j$ $ ft ifc # li 05 & 

B*swji*ft5. la 1 3 <Dm-e\*. ifM$}m*&w-rz>tcit>m 3Run 

4 (D 2 X©$f X — 513, 5 1 4 & h <9 , -tft-^rfttC £ :c-/»]&S 

M$tiii^^5. *^-ewJi$ftfc^*'-^tt*3xr/*4 war* 

15 n-y-513b, 5 1 4 b J; <0 Wmmt\-KMi£ £ tl, ^4^^T- 
A5 l 6|;:it)»3SltSL^f-^5 l 8tc:^t,ft5o rcoSffi^F® 
$ftfc^ai>-/Ntt^5ig^T-A5 1 7 tc J; i9^3W«lH5 5 0 4 ©|2 
5, h 5 2 6 1 <DmW*-~ ^519^C 

mm (c^^^ftgfe^^ft^o 
20 m6m&r-j± (125^1) 5 2 3 ia*)7x-A§:s 

o ffc11fcfc£ftfc*:c~^ttJ&6iRa&r«-A 5 2 3 T'l5Sr/l6fi 
ln-y-5 2 0 b, 5 2 1 b fcJft&SftS. ^Ct, 15^^161 
g|n-y- 5 2 0 b, 5 2 1 bfc±!>f|3flF*ffi'(*Bn2ftW* ■ ft 
25 ±tf«£fl) 5 0 4Oi5f|^7-i? (^®2Mi^7-^) 5 2 



WO 02/35593 



PCT/JPOl/09240 



2 8 

/MS, !5if|in-^ 5 2 0 b \Z X 9 «i£ £ tl, H 6 

£7-i> 5 2 3 <t 5 # 3&*ife«>*^-^ 5 2 2 Lfc#, 
H^m6ig^T-i=s 5 2 3 T\ SeSfilD-^ 5 2 1b IC «R & £ ft 
5„ OV>t, ^6lliP-y- 5 2 1 b {C i 19 H 3#F^§B 5 0 4 <Z>{t 

^C11?tt±»fflF«$tUfc!>^-^tt0 6«F0«|o-^-5 2 1bia 

10 — A524fcJ;U T^n-^-*|5 5 0 5 0l5§ltSt^T-^5 0 5 
a«&£ft, tfl'ftlg (iSfc&lH) l-£bft5„ 

15 (gttfflll) 

&%®%&Ktett&WBxTy7tiL* 071^1^^51;, Pas (IH 

p#) if (*an*) cm 7 (a) ) ^jt®#Fig (*®) 

20 (07 (b) (c) (d) ] ^Jt®2 7£M (&S 2 &) Ts^yZf 

(07 (e) (f) j -*tf®{fc±*fJ3F« (*®3^) (HI 7 ( 
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=10. 5 ) 
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: #Si8 m m (Wifi 1 6 » m) t'fl L-fc 0 
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) 

W*3W : A J - 1 3 2 5 ( 0 gfl^ftSliS p°p£ ) (pH=10. 5) 
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(3) £ffl 2Mi^ry^ 
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20 SSte^ v KSrJB v^fc. 

fflM: 2 0 0 g/cm 2 '(20kPa) 

ffl» : S S S (HM^*±«p b p£) (pH=10. 5) 

: 1 0 L/m i n 

25 JjJFffft : 1 H mU& 0 

(4) tt±tf mm^^r y 7° 
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WBgtt : 0 . 1 m rnWT. 

A D E tt|S 9700E + S t a t i on) T^J £ L fc & ©tfe 6 „ £ © 
^m-/N(D^±l^ (SFQRmax) liO. 0 7 1/1 mb±& 
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fo5o ^/ h#B v?-fcoV>Tte, ADEftSW IS CR83-SQ 
Ml: i 9 ffffi Ufc„ 

HMlO^?7*|,5i:, PVliU 8. 0 nm©xy 7ttl&f T' 

25 LftV^ t UTV^o 

o*«9, h#p$?— Ms-eH\ fi*** 0 % £ ft 5 hd a © ii& & ( 
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Mcb±z ft p.viii&^-t-^ y r) ifimm-ctb v . *^Mmx«tz i 8 . o 
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(*®ift) C08 (a) >>^-^©^Ji^E^*£^ 

o ) -»tf®2ftSF*-(£®2ft) CE1 8 (e) (f) 

co^js^V'EjSS** < ft 5 ¥«Je#fc* •? «fc < ft (y y ^ 

10 ft) cms (g) **wN©*m&#0¥ffi£asfc* 

hm^j 1 1 m tfc. 

MBfflg C0 8 (a) ] £i!&7 Lfc&Pt (lft#*©a«) TfipfflS 
(SFQRmax) 14 0. 1 2 6 mgltfeofc, 2 ft^FS^T? t IrI 
15 19 2ft#*^7 l y7 F -CHtK A^Tgtttt&jE-CtftV*. tpL6 

^<£> J: 5 ^li^fy/^lfc^i-^wr^?:! 3 fc^i". r co J; 

20 *fcj*jRaMbas*> 5 0*19, :oi 5 ftW«-e«¥taS 

<fc 5 0 ftSUatfb^ia^f* 3 0~4 0 nm£ 

25 B) -efeofeo 
(Jfc«0!l2) 
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•7 m9 (e) ?;n-/N<^® A^M£;h,6 (?«&iit&Lfc#tfi) 
0 @9 (f) ) ^irSftKfff* ($zffi4?k) CO 9 (g) ^ 

10 hJKov?-ftI<*5c ] ©)l|lT^Jfebfc 0 ^(D 

?ilSttSFQRmaxt% 0. 1 1 0 n m|| fc&W £ tlti & N + 
2 5 n mg|-e&o fco 

UMllls Jfctfcfll il Rt^itWi 2 ^OVN-C¥±li£ (SFQR) (Dx- 
1 ^^-To £ * — ^®rt0&ir/l'&© S F Q RteHM&t/Jfctfc 
fl)J 1 $.0* 2 i k (HiMO^/^TP&V^) 0. 0 4 mT?fc«*S, m 
25 a t**W^A< fto-CV^*. **5, t/KD^ct^ii2 5 

mmX2 5mm (2 5mm^) © * % $ T*l¥iffi L It . 
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5 * 1 





S F Q R (3 mm|&^) 


S F Q R (2 mm 






a 


max 




a 


max 


mmm i 


0. 037 


0.010 


0. 071 


0.039 


0.012 


0. 092 




0. 044 


0. 024 


0. 131 


0. 048 


0. 030 


0. 155 


itmm 2 


0. 037 


0.013 


0. 110 


0-043 


0.023 


0. 118 



JfctfcW© J: 5 fc#ifeT?W\ SFQRmaxttKttO. 10-0. 
15m mS^-^tt^l/TV^iV^ SBIRmax-CO. 3/imlt 

FQRmaxO. 1 OHWSB I Rma x 0. 3 ju mElT® <D & 
(Hifc0U2) ■ 

20 mm 1 tmmKwmi-tc, gp*> % tis?ii*s;tJ:5ti (>t-b) 

ofc„ 
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5 mmu^m^ito 

©fv y/s©^!?, v z/*m-* s c i m-> v is^wl-* 

#ffi*tt©-flF**#tt* I^MWlg;^^ J; (it®) lftflF 

10 i^f y ^OlFi^i^^SiEii©^ !) IU 8 a m i tfc^^ii, M 

mm 1 1 m&ttewmM, mm^, wmm, wmm&te*. mmft-en 

&&<Dltlb'<v*>y'<y Ft VX7 \s* F * M^tzT > 7 

15 JjffElADS :300g/cm 2 (30kPa) 

TOSUBA 6 0 0 (nr-/WpW) (77j7-Cfg78) 
Wfg*9:HP-2 0 (7^^ya-JKl/-f5' KliS^iS^) (pH 
=10. 5 ) 

: 5 L/m i n 

20 Jiff Jgft : 1 0 n m„ 

¥±lSfi (S F QRma x ; 2 mml^) fi 0 . 10m mtfcofc 0 * 
$f-Cfcofc 0 SBIRmaxU. 1 4 ^mU^tfeoft, 
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&3(g±©fUffl "TUBS: 
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3. ii&IB«»Jfcffl«XgK::i8^-C\ Po® (Ml*) #F®-g® (Jtffi) ffl 

4. fl&1Btt8c&ffl»XgK::*5^ , r, ^iSWi^lcJ:5SI CltcS 

15 © ? a-/N<D^it^ifeo 

6. BtflS^S 2 *SFJgXgH::|3V*T* /^jydf-y^jy Kt-ct 9 ^ 
20 Sr»»t*»Ofl!A*ST^ * — 7 0 - 9 0 <D#FM£ffl V>T $ a 

-^4rW*f5 - i: 3 ~ 5 0V*1**ij&» 1 qCIBgfc© * 
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